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ARTICLE 
Presynaptic axonal amyloid-p induces caspase-3 activation 
and neurodegeneration in the postsynaptic neuron 
Peter Kasa'*, Henrietta Papp' , Zsuzsanna Beke' , David Vadasz', Janos Zombori2 
' A l z h e i m e r ' s D i s e a s e R e s e a r c h C e n t r e , D e p a r t m e n t o f P s y c h i a t r y , a n d U n i v e r s i t y o f S z e g e d , S z e g e d , H u n g a r y , a n d ' D e p a r t -
m e n t o f P a t h o l o g y , E l i s a b e t h H o s p i t a l , H o d m e z o v a s a r h e l y , H u n g a r y 
A B S T R A C T it is a s s u m e d t h a t t h e a m y l o i d - b e t a p e p t i d e ( A | i ) c o n t r i b u t e s t o t h e n e u r o d e g e n -
e r a t i o n i n A l z h e i m e r ' s d i s e a s e ( A D ) . A c t i v a t i o n o f a n a p o p t o t i c p a t h w a y m a y p l a y a k e y r o l e 
in t h i s p r o c e s s . T h e a p o p t o t i c s i g n a l m a y b e d r i v e n b y c a s p a s e s . T h e p r e s y n a p t i c A | i p r o t e i n 
m a y b e a n a c t i v a t o r o f c a s p a s e - 3 a n d c o u l d i n i t i a t e a s e r i e s o f c a s c a d e e v e n t s , w h i c h r e s u l t s in 
n e u r o f i b r i l l a r y d e g e n e r a t i o n i n a p o s t s y n a p t i c c e l l . W e r e p o r t h e r e t h a t t h e a x o n i c A | i in t h e 
A D b r a i n m a y b e a s s o c i a t e d w i t h c a s p a s e - 3 a c t i v a t i o n . O u r d a t a s u g g e s t t h a t c a s p a s e - 3 in f a c t 
h a s a s i g n i f i c a n t r o l e in t h e w i d e s p r e a d n e u r o n a l c e l l d e a t h t h a t o c c u r s in A D b r a i n . A s u b s e t 
o f p y r a m i d a l c e l l s i n h i p p o c a m p u s a r e a CAT d e m o n s t r a t e d w i d e s p r e a d a c c u m u l a t i o n o f t a u -
p r o t e i n . I n d i v i d u a l p o s t s y n a p t i c n e u r o n s c o n t a i n e d i n t r a c e l l u l a r a c t i v a t e d c a s p a s e - 3 a n d w e r e 
c o - l o c a l i z e d w i t h n e u r o f i b r i l l a r y t a n g l e s . T h e r e s u l t s p r e s e n t e d h e r e s u p p o r t t h e s u g g e s t i o n 
t h a t c a s p a s e - 3 a c t i v a t i o n m a y l e a d t o t h e n e u r o n a l c e l l d e a t h a s s o c i a t e d w i t h A D . H o w e v e r , w e 
a r e a w a r e t h a t , b e s i d e s A|5, o t h e r f a c t o r s t o o m a y i n i t i a t e a s e r i e s o f e v e n t s w h i c h l e a d t o t h e 
d e v e l o p m e n t o f n e u r o f i b r i l l a r y t a n g l e s i n t h e p o s t s y n a p t i c n e u r o n s . 
A c t a Bio l S z e g e d 4 8 ( 1 - 4 ) : 1 - 6 ( 2 0 0 4 ) 
KEY W O R D S 
Alzheimer's d i sease 
amyloid-beta 
apop tos i s 
caspase -3 
neurofibrillary t a n g l e 
In Alzheimer's disease (AD), the most common type of de-
mentia in advanced age. the loss of cortical and hippocampal 
neurons and synapses, is accompanied by the extracellular 
deposition of amyloid-beta peptide (Ap) in senile plaques 
(SPs: Braak and Braak 1991). Paired helical filaments con-
taining hyperphosphorylated tau-protein forms the neurofi-
brillary tangles (NFTs). The mechanism by which neurode-
generation occurs in AD is not yet understood (Bossy-Wetzel 
et al. 2004). Some investigators speculate that much of the 
cell loss may be due to apoptosis. a highly regulated form 
of programmed cell death (Cotman 1998). The caspases are 
therefore critical effectors of neuronal apoptosis and may be 
inappropriately activated in AD (Cowan et al. 2001: Cribbs et 
al. 2(X)4: Johnson 1994). In particular, the analysis of caspase-
3-deficient mice has revealed a decrease in apoptosis in the 
developing brain, suggesting that caspase-3 is necessary for 
the apoptosis of developing neurons. In AD brains, the protein 
level of caspase-3 is also increased (Rohm et al. 2(H) I). 
Some reports have indicated that Ap (Estus et al. 1997) 
induces morphological and biochemical changes, with char-
acteristic apoptosis of the neurons. Ap deposits have also been 
shown to be associated with both the presence of dystrophic 
neurites and the neuronal loss found in severely affected brain 
regions in AD (Selkoe 2002). 
These observations prompted us to investigate the possible 
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involvement of caspase-3 in Ap-induced apoptosis in autop-
sied human brain hippocampal samples. To study the relation-
ship between presynaptic Ap deposition and the activation 
of caspase-3 in the postsynaptic neuron, we investigated the 
structural relationships of these proteins in autopsied human 
brain hippocampal samples. 
Materials and Methods 
The primary antibodies used in this study were rabbit anti-
Api-42 affinity-purified polyclonal antibody from Chemicon 
International Inc. (Temecula. CA, USA), caspase-3 active 
form (biotin-conjugated, polyclonal rabbit from BD Biosci-
ences Pharmingen. San Diego. CA. USA) and monoclonal 
anti-T(tau) antibody produced in mouse (Sigma-Aldrich. St. 
Louis. MO. USA). Normal goat serum, normal sheep serum 
and 3,3'-diaminobenzidine tetrahydrochloride (DAB) were 
from Sigma-Aldrich (St. Louis. MO. USA). Biotin-SP-Af-
tiniPure-sheep anti-mouse IgG (H+L). peroxidase-streptavi-
din from Jackson (West Grove. PA. USA). Histoclear II and 
Histomount were from National Diagnostics (Atlanta. GA. 
USA). All chemicals used were of the highest grade available, 
from various suppliers. 
Immunohistochemistry 
Autopsied brain tissues from the hippocampus of 5 neu-
ropathologically confirmed AD cases and 6 non-demented 
cases displaying no evidence of NFTs were studied. The age 
Knsei el cil. 
at death was not significantly different for the AD (mean. 69 
± 7.2 years) and the controls (mean. 64 ± 6.8). The autopsied 
brain tissues used in this study were provided by the Depart-
ment of Pathology. Elisabeth Hospital. Hodmezovasarhely. 
Hungary. 
Coronal sections 30-pm in thickness were cut with a 
freezing microtome. Sections were soaked for 20 min in 3% 
H , 0 , , washed in phosphate-buffered saline (PBS: pH 7.4). 
treated with 0.1 M PBS containing 2.5% Triton X-100 for 
20 min and then incubated with the normal blocking serum 
for 60 min. The sections were thereafter incubated with 
the primary antibody at 4°C overnight. The dilutions of the 
individual antibodies were as follows: Ap: 1:2000. activated 
caspase-3: 1:800 and tau: 1:2000. After three 10-min washes 
in PBS. the brain slices were incubated with the secondary 
antibody. When single staining was applied for demonstra-
tion of the localization either of Ap or of activated caspase-3. 
the peroxidase complex was visualized by incubating the 
sections with 0.05 M Tris-HCI (pH 7.5) containing 0.05% 
DAB. 0.1% NiCI, and 0.005% H , 0 , . resulting in a bluish-
black colour. When double-stained sections were prepared 
(stained either for Ap and tau or for activated caspase-3 and 
tau), the samples were developed first in DAB dissolved in 
0.05 M Tris-HCI buffer. This staining resulted in a brownish 
colour. Thereafter, the sections were treated for 30 min with 
0.6% H.O, to eliminate the possibility persistent activity of 
the marker enzyme. After the staining for the second antibody, 
the peroxidase complex was visualized by incubating the 
sections in a DAB-NiCI, mixture. In these double-stained 
sections, a brownish colour could be detected in some cell 
bodies, intermingled with a bluish-black colour (Kasa et ai. 
2001). Controls were performed to rule out non-specific im-
munostaining by eliminating the primary or secondary anti-
body. The sections were next mounted, air-dried, dehydrated 
in an ethyl alcohol series, cleared in Histoclear. and finally 
coverslipped using Histomount. Photos were taken under 
normal light field microscopy conditions (Nikon Microphot-
FXA microscope). 
Results 
To investigate the morphological localization of Ap in hip-
pocampus area C A I . an affinity-purified polyclonal antibody 
was used. The immunoreactivity was revealed not only in the 
SPs (Fig. I A), but also in the axon varicosities (at the syn-
aptic sites: Fig. IB) and within the neuronal cell body (Fig. 
1C). Some of the stained axon varicosities could be localized 
near the perikaryon and attached to the primary dendrite of a 
pyramidal cell (Fig. ID). 
When the samples were double-stained for A|i and for tau. 
much to our surprise, a number of Ap-stained axon varicosi-
ties were revealed on the surface of the tau-immunopositive 
neurons (Figs. 2A. B). It was interesting that the axon vari-
cosities were not uniformly distributed over the dendrite, but 
were rather located consecutively, separated by distance of 
a few microns. 
In the control hippocampal samples, very few activated-
caspase-3-positive pyramidal cells were detected (Fig. 2C). 
Similarly, in the area dentate, stained neurons were rarely 
seen. The most interesting observation concerned the ap-
pearance of the staining. It appeared intermittently rather 
than evenly in the dendrites. In a Braak and Braak stage II 
AD sample, some tau were immunoposi t ive for activated 
caspase-3 (Fig. 2E). while many more NFT-positive cells 
stained for caspase-3 (Fig. 2F) in a severe AD case (Braak 
and Braak stages V and VI). 
To examine a possible relationship between caspase-3 
activation and tau-positive neurons, double-labelling experi-
ments were undertaken, using the caspase-3 active form and 
monoclonal anti-tau antibody as markers for NFT forma-
tion. As shown in Fig. 3A. only a subset of neurons was 
caspase-3-positive. and the number of cells was even lower 
for which tau could be clearly be seen in the same neuron. 
The co-localization of caspase-3 and tau was evident within 
individual neurons (Figs. 3A. B). Figure 3B illustrates a high-
magnification image of typical caspase-3 and tau staining in 
the pyramidal neuron in hippocampus area CA I. Interestingly, 
the appearance of neurons labelled with caspase-3 was similar 
to that of those with tau. Other stained samples provided fur-
ther evidence that not all caspase-3-positive neurons contain 
tau pathology (Figs. 3C. D). Taken together, these results 
suggest that caspase-3 activation may occur in only a subset 
of the tau-bearing neurons. This suggestion is supported in 
Figs. 3E. F. where many more labelled neurons are present 
than in Fig. 3D. 
Discussion 
In this report, we have demonstra ted that Ap is not only 
present in the SPs and neuronal perikarya. but may also be 
localized in the axons (Chen et al. 2004). There is experimen-
tal evidence suggests that Ap accumulation in the cells may 
precede tau formation in the AD brain, and can potentiate 
the development of NFTs in transgenic mice. Furthermore. 
Ap-induced neurodegeneration requires tau expression and 
the intracellular assembly of pathological tau f i l aments 
(Rissman et al. 2004). The appearance of intracellular Ap is 
also observed in Down syndrome patients with AD. indicat-
ing that intraneuronal Ap may be a common feature of AD 
subtypes. 
The activation of caspase-3 (Stadelmann et al. 1999: Su et 
al. 2001) in the postsynaptic dendrite by presynaptic Ap again 
precedes the appearance of tau positivity in the pyramidal 
cells of hippocampus area CA 1 in human brain samples. By 
using antibodies specific for the active form of caspase-3, tau 
and Ap. we could underline such a sequence of events. It is 
suggested that the various caspases (among them caspase-3) 
are activated only during apoptosis (Rohn et al. 2001: Sal-
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Figure 1. I m m u n o h i s t o c h e m i c a l loca l iza t ion of A|S in h i p p o c a m p a l a r e a CA1. Specific A|( s t a in ing a p p e a r s in t h e SPs (A, a r r o w ) , in t h e a x o n 
var icosi t ies (B, a r r o w ) a n d in t h e SPs (B, d o u b l e a r rows) . In C, speci f ic A|i i m m u n o r e a c t i v i t y is p r e s e n t in t h e p e r i k a r y a of a n e u r o n (a r row) . S o m e 
o t h e r n e u r o n s a r e c o v e r e d w i t h A| l -posi t ive axon var icosi t ies ( a r row) , wh i l e d i f f u s e s t a in ing ( d o u b l e - a r r o w ) is t o b e s e e n a m o n g t h e n e u r o p i l . 
Scale bar : 50 p m 
3 
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Figure 2. D o u b l e - l a b e l l i n g i m m u n o h i s t o c h e m i c a l analysis f o r A|i a n d t a u . In A a n d B. t h e b r o w n i s h s t a i n i n g w i t h i n t h e n e u r o n s i n d i c a t e s t h e pres -
e n c e of t au , w h i l e t h e black d o t s (A a n d B. a r r o w s ) o n t h e s u r f a c e of t h e p y r a m i d a l cells i l lus t ra te t h e A | l -pos i t ive a x o n var icos i t ies . F igu re 2C,D 
revea l t h e a c t i v a t e d c a s p a s e - 3 in t h e d e n d r i t e s a n d t h e cell b o d y in a c o n t r o l s a m p l e . T h e s t a i n i n g p a t t e r n a p p e a r s i n t e r m i t t e n t l y in t h e d e n d r i t e s 
(a r rows) . In c o n t r a s t , in Braak a n d Braak s t a g e s II (E, a r r o w s ) a n d VI (F, a r rows) , t h e caspase -3 a p p e a r s in t h e cell b o d i e s . Scale b a r = 50 urn 
4 
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Figure 3. A c t i v a t e d c a s p a s e - 3 label l ing of t a u - b e a r i n g h i p p o c a m p a l n e u r o n s in c o n t r o l s amples . A: Doub le - l abe l l i ng i m m u n o h i s t o c h e m i c a l analysis 
f o r c a s p a s e - 3 ( a r r o w s ) a n d t a u ( d o u b l e - a r r o w s ) i l lus t ra tes t h a t on ly a s u b s e t of n e u r o n s a r e caspase -3 -pos i t i ve (b lu ish-b lack) a n d can b e c lear ly 
d i f f e r e n t i a t e d f r o m t a u - c o n t a i n i n g n e u r o n s (b rowni sh , d o u b l e - a r r o w s ) . B: Co- loca l iza t ion of c a s p a s e - 3 ( a r r o w ) a n d t a u ( d o u b l e - a r r o w ) w i t h i n 
a n e u r o n . C a n d D: D o u b l e - i m m u n o s t a i n i n g of a h i p p o c a m p a l t i ssue s ec t i on f r o m a n ear ly s t a g e of AD (C) a n d a s e v e r e AD case, s h o w i n g t h e 
d i s t r i b u t i o n of c a spase -3 -pos i t i ve a n d t a u - s t a i n e d n e u r o n s . In C, t h e caspase -3 -pos i t i ve n e u r o n s (a r rows) s e e m t o p r e c e d e t h e a p p e a r a n c e of 
t a u - p o s i t i v e ( a r r o w h e a d s ) cells. The n u m b e r of t a u - p o s i t i v e n e u r o n s ( a r r o w h e a d s ) inc reases w i t h d i sease sever i ty (D), w h e r e on ly a f e w ( a r r o w ) 
caspase -3 -pos i t i ve n e u r o n s c a n b e r evea led . A similar d i s t r i b u t i o n of t a u - p o s i t i v e n e u r o n s can b e d e m o n s t r a t e d w i t h t h e speci f ic a n t i b o d y f o r 
t a u . In A, t h e n u m b e r of s t a i n e d n e u r o n s is l o w e r t h a n in t h e s e v e r e c a s e of AD (F). Scale bar : 25 n m 
5 
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/.nick et al. 1999: Slee et al. 1999): we therefore believe that 
in our samples some of the neurons die by apoptosis. Accord-
ingly. our results suggest that caspase-3 activation may begin 
at the synapse and. after a trans-synaptic signal it propagates 
in the dendrite in a retrograde fashion to the neuronal cell bod-
ies. The Aß signal therefore induces a sequence of processes 
which, among others, ultimately result in caspase-3 activation, 
tau hyperphosphorylation. apoptosis. neurofibrillary degen-
eration and finally cell death. We are aware, however, that, 
even though we have demonstrated that activated caspase-3 
and tau formation are present within the same neurons, this 
does not imply that they must be causally interrelated events. 
Indeed, we were able to detect only one subset of neurons in 
which caspase-3 and tau were co-localized. In another subset 
of nerve cells, either only caspase-3 or only tau was detected. 
Nevertheless this does not rule out the possibility of a causal 
relationship between the two processes. 
It is interesting to note that, in the control brain, only 
scattered cells exhibited caspase-3 positivity. while in the 
earlier stages of AD stage I and II (Braak and Braak 1991) 
more activated caspase-3 neurons are present than tau-positive 
nerve cells. In contrast, in the advanced stages of AD stage V 
and VI (Braak and Braak 1991). more tau-positive structures 
appear than activated caspase-3 nerve cells. 
In conclusion, our data support the suggestion that the 
presynaptic axonal Aß may be an initiator of the death of the 
postsynaptic neuron. This suggestion is supported by the ap-
pearance of caspase-3 positivity in those neurons that are in 
close contact with Aß-positive axon varicosities. The precise 
mechanisms underlying the Aß-induced neuronal degenera-
tion await further elucidation. 
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n e r v e c e l l s a l s o d i f f e r e d a l o n g t h e l o n g i t u d i n a l a x i s o f t h e g a s t r o i n t e s t i n a l t r a c t . N o t o n l y t h e 
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t r i s o m y 2 1 is i n v o l v e d in t h e o v e r a l l d e l a y o f t h e g u t d e v e l o p m e n t . 
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Trisomy 21 is the most common autosomal aneuploidy com-
patible with postnatal survival. It occurs in an average of I in 
700 live births (Hassold et al. 1996). The presence of trisomy 
21 is regarded as a significant risk factor for Hirschsprung 
disease (HSCR) and for a spectrum of defects in gastrointes-
tinal motility (Epstein et al. 1991; Holschneideret al. 1994; 
Cohen 1999). In consequence of the wide and variable set of 
clinical features in a given individual, trisomy 21 is viewed 
as a predisposing factor, rather than as a causative factor 
for these diseases (Quinn et al. 1994). The gene catalog of 
chromosome 21 contains at least 10 kinases. 5 cell adhesion 
molecules and a number of transcription factors (Hattori et al. 
2(XX)). Ii is possible that an extra copy of these genes results 
in an overall delay in intestinal development as a primary 
disorder, and the delayed maturation of the gastrointestinal 
tract may then predispose or contribute to the development of 
Accep ted Ju ly 21. 2 0 0 4 
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disorders such as HSCR. intestinal obstruction or enterocolitis 
in infants with trisomy 21. 
Murine trisomy 16 is accompanied by a complex genetic 
insult similar to that in human beings with segmental trisomy 
21 (Pletcheret al. 2(X)I). Investigations of mice with trisomy 
16 have demonstrated a delayed development in the enteric 
nervous system (ENS) of the stomach and in the intestine 
(Li et al. 2(XX)). We report here on a comparative study of a 
22-week-old male fetus with prenatally diagnosed trisomy 21 
and a normal fetus at the same developmental stage. Histo-
logical features typical of a younger fetal age were revealed 
in the fetus with trisomy 21. suggesting an overall delay in 
the development of the intestine. To establish whether or 
not the ENS was involved in the delayed development, we 
applied immunohistochemistry. using primary antibodies 
against a neurofilament (NF) subunit protein and against 
S-100 protein. Both antigens have been widely used to study 
the architecture of the ENS both in normal (Eaker 1997; 
Fekete et al. 1999) and in pathological (Yanagihara et al. 
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1992: Deguchi et al. 1993) cases, h is well documented that 
cytoskeletal proteins such as NF proteins are developmental^ 
regulated (Faussone-Pellegrini et al. 1999) and are suitable 
for the morphological characterization of neuronal subgroups 
(Román et al. 2001: Brehmer et al. 2002). These literature 
data indicate that NF proteins are potential markers for the 
study of neuronal disorders or developmental disturbances 
affecting morphologically distinct neuronal subgroups. 
The glial marker S - I 0 0 protein furnishes information on 
the distribution of glial cells, which create the local microen-
vironment necessary for neuronal development (Bush et al. 
1998: Giaroni et al. 1998: Fekete et al. 1999). The differences 
in the distribution and morphological appearance of the NF 
and S-100 protein-immunoreactive cells observed in this 
comparative study indicate an intestinal segment-dependent 
impairment in the development of the myenteric ganglion 
cells and the enteric glia in the ENS of the fetus with trisomy 
21. To the best of our knowledge, this is the first reported case 
on a fetus with trisomy 21 with a developmental disorder of 
the ENS. 
Materials and Methods 
Human samples and t issue handl ing 
The human study was approved in advance by the University 
Medical Ethical Committee and was performed in accordance 
with the ethical standards laid down in the 1964 Declaration 
of Helsinki. For tissue preparation, the small intestines of the 
fetuses with trisomy 21 or with normal karyotype were ob-
tained immediately following therapeutic abortion performed 
by the laminaria plus Nalador technique after the intrauterine 
death of the fetuses. The crown-rump lengths of the fetuses 
involved in this study were 209 and 212 mm respectively, 
corresponding to gestational week 22. 
The lengths of the unfixed small intestine along the 
unstretched antimesenteric border from the pylorus to the 
ileocecal valve were 81 and 95 cm respectively. Selected 
segments of the small intestine were ligated and distended, 
using a modified Zamboni fixative (Scheuermann et al. 1987) 
and fixed overnight at 4°C. The proximal, middle and distal 
segments were selected at 1 and 40 cm distal to the pylorus 
and 3 cm oral to the ileocecal junction, respectively. 
Small pieces were processed for paraffin sectioning, while 
larger pieces were used for whole-mount preparations. Paraf-
fin sections were stained with mucicarmine for histological 
observation, while unstained paraffin sections were incubated 
together with whole-mounts for immunostaining. using the 
avidin-biotin technique (Fekete et al. 1999). Ant i -S-100 
protein (Dakopatts Z 311. final dilution 1:400) and anti-NF 
210 kDA subunit (SIGMA clone 52 mo. final dilution 1:200) 
were used as primary antibodies. Specimens were mounted 
in PBS-buffered glycerol and viewed in a Leica DMLB light 
microscope equipped with a Polaroid digital camera. 
Results 
The small intestine of the 22-week-old human fetus with 
karyotype 47. XY+21 (Fig. I) was 15% shorter than the small 
intestine of the fetus with normal karyotype at the same de-
velopmental stage. Histologically, fewer and shorter villi were 
observed and pseudostratified epithelium was frequently seen 
on the villous and intervillous epithelium (Fig. 2). 
The S-100 protein immunostaining revealed dense glial 
staining both in the myenteric plexus (MP) and in the sub-
mucous plexus (SP: Fig. 3A.B) throughout the whole length 
of the intestine. However, the S-100 protein staining was 
always restricted to the outer SP in the fetus with trisomy 21 
(Fig. 3B). The number and distribution of the S-100 protein-
immunoreactive cells differed greatly in the MP of the small 
intestines in the two different fetuses under investigation (Fig. 
4A.B). The MP in the fetus with normal karyotype was well 
developed, with large, distinct ganglia (Fig. 4A). The numer-
ous S-100 protein-immunoreactive cells were mostly located 
in the center of the ganglia (Fig. 4A). In the fetus with trisomy 
21. the myenteric ganglia were not distinct (Fig. 4B). and the 
few. but intensely stained glial cells were spread throughout 
the MP (Fig. 4B). 
The specimens from the normal fetuses exhibited intense 
NF immunoreactivity in both the MP and the SP throughout 
the whole length of the small intestine (Fig. 5A). whereas in 
those from the fetus with trisomy 21. the immunostaining was 
restricted to the MP (Fig. 5B). When the distributions of the 
NF-immunoreactive myenteric ganglion cells were compared 
along the longitudinal axis of the small intestine, a uniform 
distribution was revealed in the normal, and a segment-spe-
cific different distribution in the trisomic fetal intestine (Fig. 
6A-D). The most proximal segments of both intestines were 
characterized by intense NF immunoreactivity (Fig. 6A.B). 
However, a semiquantitative assessment demonstrated ap-
proximately 50c/r more NF-immunoreactive ganglion cells 
in this intestinal segment of the normal fetus. The ganglion 
cells were not only more numerous here, but also displayed 
a characteristic neuronal morphology (Fig. 6A). with several 
lamellar dendrites and one axon. 
In contrast the NF-immunoreactive ganglion cells in the 
fetus with trisomy 21 did not exhibit any specialized morpho-
logical character: they had only single axons differentiated. 
Unstained ganglion cells were seen throughout the whole 
length of the small intestine (Fig. 6C) both in the normal and 
the trisomic fetus. 
Discussion 
The length of the small intestine of the fetus with trisomy 21 
was 81 cm. which corresponds to an 18-week-old (Weaver et 
al. 1991) rather than a 22-week-old fetal intestine, for which 
a length of 95 cm was measured. The histological features in 
the fetus with trisomy 21 were also characteristic of a younger 
8 
Intestinal disorders in a fetus with trisomy 21 
n 
¡1 
•I I I 
» 
* 4 * I A 
) ' II 
*!. XY*21 
Figure 1. K a r y o t y p e of t h e 22 -week -o ld f e t u s w i t h t r i somy 21 i n v e s t i g a t e d in t h e p r e s e n t r e p o r t . Trisomy 21 is i n d i c a t e d by a n aster isk. 
F igure 2. M u c i c a r m i n e - s t a i n e d p a r a f f i n sec t ion of t h e smal l i n t e s t i n e of t h e 2 2 - w e e k - o l d f e t u s w i t h t r i somy 21. Ar rows i nd i ca t e s t r a t i f i ed epi-
t h e l i u m . Scale b a r : 50 p m 
Figure 3. Cross -sec t ions of t h e p a r a f f i n - e m b e d d e d smal l i n t e s t ines of t h e 2 2 - w e e k - o l d h u m a n f e t u s e s p r o c e s s e d fo r S-100 p ro t e in i m m u n o -
cy tochemis t ry . S t a i n e d glial cells (arrows) a r e s e e n in b o t h t h e m y e n t e r i c p l exus (MP) a n d in t h e inne r (I) a n d o u t e r (O) s u b m u c o u s p l exus of 
t h e n o r m a l h u m a n f e t u s (A). In t h e t r isomic f e t u s (B), i m m u n o r e a c t i v e cells ( a r r o w s ) a p p e a r e d in t h e m y e n t e r i c p lexus (MP) a n d in t h e o u t e r 
s u b m u c o u s p lexus (O). Sm: t h e s u b m u c o u s layer of t h e i n t e s t i na l wal l . Scale ba rs : 40 p m 
Figure 4 . W h o l e - m o u n t p r e p a r a t i o n s of t h e m y e n t e r i c p l exuses f r o m t h e small i n t e s t i n e s of t h e 2 2 - w e e k - o l d h u m a n f e t u s e s p rocessed f o r S-100 
p r o t e i n i m m u n o c y t o c h e m i s t r y . Mos t of t h e S-100 p r o t e i n - i m m u n o r e a c t i v e glial cells ( a r r o w s ) a c c u m u l a t e in t h e c e n t e r of t h e l a r g e m y e n t e r i c 
g a n g l i a (G). S t a i n e d cells a r e n o t seen in t h e i n t e r n o d a l s e g m e n t s (IS) of t h e m y e n t e r i c p l exus in t h e n o r m a l f e t u s (A). S t a ined glial cells (ar-
rows) in t h e m y e n t e r i c p l exus of t h e t r isomic f e t u s (8) a r e l o c a t e d o n t h e p e r i p h e r y of t h e g a n g l i a (G), wh ich a re n o t clearly dist inct f r o m t h e 
i n t e r n o d a l s e g m e n t s (IS). Scale bars : 15 p m 
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Figure 5. Cross - sec t ions of t h e p a r a f f i n - e m b e d d e d smal l i n t e s t i n e s of t h e 2 2 - w e e k - o l d h u m a n f e t u s e s s t a i n e d w i t h a n a n t i b o d y a g a i n s t t h e 2 1 0 
kDA n e u r o f i l a m e n t s u b u n i t p r o t e i n . S t a i n e d g a n g l i o n cells a n d f i b e r s a r e s e e n in b o t h t h e m y e n t e r i c p l e x u s ( a r r o w s ) a n d in t h e s u b m u c o u s 
p l e x u s ( a r r o w h e a d s ) of t h e n o r m a l h u m a n f e t u s (A). In t h e t r i somic f e t u s (B). i n t ense ly s t a i n e d g a n g l i o n cells a n d f i b e r s ( a r r o w s ) w e r e r e s t r i c t e d 
t o t h e m y e n t e r i c p lexus . LM: l o n g i t u d i n a l musc l e , CM: circular musc l e , Sm: s u b m u c o u s layer of t h e i n t e s t i n a l wa l l Scale ba r s : 20 p m 
F igure 6. W h o l e - m o u n t p r e p a r a t i o n s of t h e m y e n t e r i c p l e x u s e s f r o m t h e smal l i n t e s t i n e s of t h e 2 2 - w e e k - o l d h u m a n f e t u s e s s t a i n e d w i t h a n 
a n t i b o d y a g a i n s t t h e 2 1 0 kDA n e u r o f i l a m e n t s u b u n i t p r o t e i n . N u m e r o u s s t a i n e d g a n g l i o n cells in t h e m o s t p r o x i m a l s e g m e n t of t h e smal l 
i n t e s t i n e of t h e n o r m a l f e t u s (A) e x h i b i t a c h a r a c t e r i s t i c n e u r o n a l m o r p h o l o g y , w i t h l ame l l a r d e n d r i t e s a n d o n e a x o n . Seve ra l s t a i n e d g a n g l i o n 
cells ( a r r o w s ) a r e s e e n In t h e m o s t p r o x i m a l s e g m e n t s of t h e smal l i n t e s t i n e of t h e t r i somic f e t u s (B); t h e s e g a n g l i o n cells d id n o t i n d i c a t e a 
d e f i n i t e m o r p h o l o g i c a l t y p e . No i m m u n o r e a c t i v e n e u r o n s a r e s e e n in t h e m i d d l e s e g m e n t of t h e smal l i n t e s t i n e of t h e t r i s o m i c f e t u s (C). A s t e r -
isks i n d i c a t e u n s t a i n e d g a n g l i o n cells. Seve ra l s t a i n e d cells ( a r r o w ) a n d f i b e r s a r e s e e n in t h e m o s t d i s t a l s e g m e n t of t h e smal l i n t e s t i n e of t h e 
t r i somic f e t u s . Aster i sks i n d i c a t e u n s t a i n e d g a n g l i o n cells Scale b a r s r e p r e s e n t 10 p m in A a n d B. 15 p m in C a n d D. 
10 
Intestinal disorders in a fetus with trisomy 21 
fetal age (Klein 1989). indicating a severe growth impairment 
and an overall delay in the development of the gastrointestinal 
system. To determine whether or not the ENS was involved in 
the developmental impairment revealed in the small intestine 
of the fetus with trisomy 21. we looked for cytoskeletal mark-
ers that indicate the degree of differentiation attained by the 
glial and neuronal cells by week 22 of gestation. Cytoskeletal 
proteins gradually accumulate in the cells in parallel with the 
organization of the cytoskeletal structures which mediate the 
important neural events, including the growth of the nerve 
processes and the initiation of axonal transport (Lasek et 
al. 1983). Immature cells in the mouse (Faussone-Pellegrini 
1999) and in the human (Eakeret al. 1993) intestine express 
a-internexin and peripherin. while the expression of differ-
ent NF subunits is related to neuronal differentiation (Bishop 
et al. 1985: Eakere t al. 1990). Accordingly, a- internexin 
may be considered a good marker for neuronal immaturity, 
while NF subunit proteins may be good markers for neuronal 
maturity. We chose the NF 210 kDA subunit protein in the 
present comparative study. Although. NF immunostaining 
demonstrates only a minority of the total enteric neuronal 
population (Brehmer et al. 2002). the suitability of NF im-
munohistochemistry for the study of morphologically delined 
neuron types (Román et al. 2001: Brehmer et al. 2<X)2) makes 
it an appropriate tool with which to distinguish between 
neurons via the level of morphological maturity and hence 
to confirm delayed neuronal differentiation. 
Our previous results (Fekete et al. 1995) led us to utilize 
S-1 (X) protein immunoreactivity as a glial marker in the small 
intestine of the trisomic fetus and in the fetus with normal 
karyotype. Differences in immunohistochemical expression 
were revealed in both the glial marker S-100 protein and 
the neuronal marker NF 2l()kDA subunit. As concerns the 
circular axis of the intestine, the S-100 protein-immunore-
active glial cells were restricted to the outer SP located near 
the circular layer of the external muscle (Timmermans et 
al. 2001). whereas in the intestine of the normal fetus the 
S-100 protein-immunoreactive cells were widely distributed 
throughout the whole thickness of the submucous layer. 
The NF-immunoreactive nerve cells displayed a different 
distribution not only in the circular axis, but also along the 
longitudinal axis of the small intestine. The segment-specific 
differences in NF subunit staining may be consequences of the 
close temporal and spatial interrelationship between the gut 
growth and neural maturation. It is well established (Bagyán-
szki et al. 2(X)2) that the histodifferentiation of the human gut 
proceeds in an oro-anal wave that is met by an anal-oro wave, 
which results in a developmentally advanced environment in 
the foregut and in the hindgut relative to that encountered in 
the midgut. In the present case, in which the presence of 21 
trisomy resulted in an overall growth impairment, the level 
of development of the middle segment was much behind 
that of the normal intestine, none of the ganglion cells in 
this part of the intestine exhibiting NF immunoreactivity. 
The immunohistochemical expression of NF did not reveal a 
difference only in the distribution of the NF-immunoreactive 
neurons: the stained cells in the trisomic and in the normal 
fetal intestine also differed in their morphology. Numerous 
immunoreactive ganglion cells in the most proximal seg-
ment of the small intesiine of the normal fetus demonstrated 
the morphology of the typical type I neurons in the Stach 
classification (Stach 1989): in contrast, the ganglion cells in 
the trisomic fetus did not reach this level of morphological 
differentiation, and also failed to express immunoreactivity 
against neuronal markers such as NF protein. 
These observations indicate that not only the intestinal 
wall, but also the ENS is involved in the overall delay of the 
development of the gastrointestinal tract in the fetus with 
trisomy 21. The delayed development of the ENS may lead 
to symptoms of HSCR. intestinal obstruction or enterocolitis 
in infants with trisomy 21. 
References 
B a g y á n s / k i M. Kovács ÉG. Resell BÁ. R o m á n V. Resell BE. Feke le É 
(21X12) Computer-aided wi rphomet r i c analysis of the developing con-
centric structure of the human fetal intestinal tube. Histol Histopathol 
17:731-737. 
Bichop AE. Carlei F. Lee V. Trojanovski J. Marangos PJ. Dahl D. Polak JM 
(I 985) Combined immunostainig of neurofilaments, neuron specific eno-
lase. G F A P and S-1 (X). A possible mean for assessing the morphological 
and functional status of [he enteric nervous system. Histochemistry 8: 
293-297. 
Brehmer A. Schrödl F. Neuhuber W (2(K)2l Morphological phenotyping of 
enter ic neurons using neurof i lament immunoh i s tochemis t ry renders 
chemical phenotyping more precise in porcine ileum. Histochem Cell 
Biol 117:257-263. 
Bush T G . Savidge T C . Freeman T C . Cox HJ . C a m p b e l l EA. M u c k e L. 
Johnson MH. S o f r o n i e w M V (1998) Fulminant jejuno-i lei t is fol lowing 
ablation of enteric glia in adult transgenic mice. Cell 93:189-201. 
Deguchi E. Iwai N. Goto Y. Yanagihara J. Fushiki S (1993) An i m m u n o -
histochemical study of neurofilament and microtubule-associatcd Tau 
protein in the enteric innervation in Hirschprung 's disease. J Ped Surg 
28:886-890. 
Cohen WI (1999) Health care guidel ines for individuals with Down syn-
drome: 1999 revision. Down Syndrome Q. 4:1 -16. 
Eaker EY. Shaw G. Sninsky CA (1990) Neurofi lament immunoreact ivi ty in 
myenteric neurons differs f rom that found in the central nervous system. 
Gastroenterology 99:1364-1371. 
Eaker EZ. Sallustio JE. Harris JM. Shaw G (1993) Myenteric plexus neurons 
have developmental ly acquired d i f ferences int he med ium molecular 
weight subunit of neurofilament protein. Neuroscience 53:561-570. 
Eaker EY (1997) Neurofilament and intermediate filament immunoreactivity 
in human intestinal myenteric neurons. Dig Dis Sci 42:1926-1932. 
Epstein CJ (1991) Protocols to establish genotype-phenotype correlations in 
Down syndrome. Am J Hum Genet 49:207-235. 
Faussone-Pel legr ini M-S. Matini P. DeFcl ici M (1999) The cytoskele ton 
ol the myenteric neurons during murine embryonic life. Anat Embriol 
199:459-469. 
Fekete É. Resch BÁ. Benedeczky I (1995) Histochemical and ultrastructural 
features of the developing enter ic nervous sys tem of the human fetal 
small intestine. Histol Histopathol 10:127-134. 
Fekete É .Timmermans JP. Bogers JJ. Resch BA. Van Marck E .Scheuermann 
D W (1999) Different distribution of S-KK) protein and glial fibrillary 
acidic protein (GFAP) immunoreact ive cel ls and their relations with 
Bagyanszki el at. 
nitrergic neurons in the human fetal small intestine. Hislol Histopathol 
14:785-790. 
Giaroni C. De Ponti F. Cosent ino M . Lecchini S. Fngo G <1999) Plasticity in 
the en tenc nervous system. Gastroenterology 117:1438-58. 
Hassold T. Merri l l M . Adkins K. Freeman S (1995) Recombina t ion and 
maternal age-dependent nondis junct ion: Molecular studies of trisomy 
16. A m J Hum Genet 57:867-874. 
Hattori M ( 2 0 0 0 ) T h e D N A s e q u e n c e o f human c h r o m o s o m e 21. T h e 
chromosome 21 mapping and sequencing consortium. Nature 405:311-
319. 
Holschneider AM. Meire-Ruge W. Ure BM ( I 9 9 4 i Hirschsprungs disease 
and allied disorders. Eur J Pediatr Surg 4:260-266. 
Klein RM (1989) Small intestinal cell proliferation during development . 
In: Lcbcnthal E. ed. . Human gastrointestinal development. New York 
Raven Press, pp. 367-392. 
Lasek RJ. Oblinger M M . Drake PF11983) The molecular biology of neuronal 
geomet ry : the neurof i lament genes influences axonal diameter. Cold 
Spring Harb S y m p Quant Biol 48:431-444. 
Li JC. Busch LC. Kuhnel W (2000) Immunohistochemical study on gastro-
enteric nervous system in tr isomy 16 mice: an animal model of Down 
syndrome. World J Gastroenterol 6:793-799. 
Pletcher MT. Wiltshire T. Cabin DE. Villanueva M. Reeves RH (2001) Use of 
comparative physical and sequence mapping to annotate mouse chromo-
some 16 and human ch romosome 21. G e n o m i c s 74:45-54 
Quinn FMJ. Surana R. Pun P119941 The influence of trisomy 21 on ou tcome 
in children with Hirschsprungs disease. J Pediatr Surg 29:781-783. 
Roman V. Krecsmarik M. Bagyanszki M. Fekete E (2001) Evaluat ion of the 
total number of myenteric neurons in the developing chicken gut using 
cuprolinic blue histochemical staining and neurofi lament immunocyto-
chemistry. His tochem Cell Biol 116:241-246. 
Scheuermann DW. Stach W. Timmermans J P i 19871 Topography, architecture 
and structure of the plexus submucosus intemus (Meissner) of the porcin 
small intestine. Acta Anat 129:96-101. 
Stach W (1989) A revised morphological classification of neurons in the en-
teric nervous system. In: Nerves and the gastrointestinal tract. Singer M V 
and Goebell H leds). Kluwer Academic Publishers. Lances ter p. 29. 
T immermans J-P. Hens J. Adriaensen D (2001) Outer submucous plexus: An 
intrinsic nerve network involved in both secretory and motility processes 
in the intestine of large mammal s and humans . Anal Rec 262:71 -78. 
Yanagihara J. Shimotake T. Deguchi E. Iwai N (1992) Histological investiga-
tion of the myenteric plexus of the entire gut in an infant w ith hypogen-
esis of the intestine. Eur I Pediatr Surg 2:114-117. 
Weaver LT. Austin S . C o l e T J (1991) Small intestinal length: a factor essential 
for gut adaptation. Gut 32:1321-1323. 
12 
Volume 48(1-4):13-17. 2004 
Acta Biologica Szegediens is 
h t t p : / / w w w . s c i . u - s z e g e d . h u / A B S 
ARTICLE 
Ultralow-noise headstage and main amplifiers for 
extracellular spike recording 
Dénes Budai* 
D e p a r t m e n t o f B i o l o g y , J u h á s z G y u l a C o l l e g e , U n i v e r s i t y o f S z e g e d , S z e g e d , H u n g a r y , a n d K a t i o n S c i e n t i f i c C o . , M i n n e a p o l i s , 
M N , U S A 
A B S T R A C T T h i s m e t h o d o l o g i c a l p a p e r p r o v i d e s a d e t a i l e d d e s c r i p t i o n o f a n o v e l u l t r a l o w -
n o i s e p r e - a n d m a i n - a m p l i f i e r s y s t e m d e s i g n e d f o r t h e e x t r a c e l l u l a r r e c o r d i n g of v o l t a g e s p i k e s 
p r o d u c e d b y n e u r o n a l a c t i o n p o t e n t i a l s . T h e m a i n d i f f i c u l t i e s w i t h e x t r a c e l l u l a r r e c o r d i n g a r e 
t h e u n w a n t e d e l e c t r i c a l s i g n a l s t h a t l o w e r t h e r e c o r d i n g q u a l i t y . T h e y i n c l u d e d e s t r u c t i v e i n -
t e r f e r e n c e s b y a l t e r n a t i n g e l e c t r i c o r m a g n e t i c f i e l d s , in a d d i t i o n t o t h e r m a l a n d o t h e r r a n d o m 
n o i s e s r e s u l t i n g f r o m t h e i n t r i n s i c p r o p e r t i e s o f t h e s u b s t a n c e s f r o m w h i c h t h e e l e c t r o d e a n d 
t h e e l e c t r i c a l c i r c u i t a r e m a d e . T h e p r e a m p l i f i e r is p l a c e d in a s p e c i a l l y b u i l t m e t a l h e a d s t a g e 
p r o b e . It is d e s i g n e d s o t h a t m i c r o e l e c t r o d e s c a n b e p l u g g e d d i r e c t l y i n t o t h e p r o b e , k e e p i n g t h e 
e l e c t r o d e a n d p r e a m p l i f i e r in t h e c l o s e s t p o s s i b l e p r o x i m i t y . U n i q u e e l e c t r o d e h o l d e r a d a p t o r s 
a t t h e s a m e t i m e m a k e t h e p r o b e f o r t h e e l e c t r o d e h o l d e r w i t h t h e a d d e d b e n e f i t o f e x t e n d e d 
e l e c t r i c a l s h i e l d i n g . T h e m a i n a m p l i f i e r c o n t a i n s t u n e d c i r c u i t b a n d p a s s f i l t e r s o p t i m i z e d f o r 
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KEY W O R D S 
electromagnetic interference 
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carbon fiber microelectrode 
single-unit recording 
Voltages generated by electric currents flowing in the tissue 
around the neurons during action potentials can be detected by 
means of microelectrodes as extracellular "spikes". Spike po-
tentials recorded from the mammalian central nervous system 
have a duration of between 0.2 and 20 ms. The amplitudes of 
extracellular spikes are typically about 100 uV. although they 
may vary from the noise level (vide infra) of the electrode 
up to several mV. depending on the type of neuron and the 
quality of the recording system. The greatest advantage of 
extracellular recording is that the activity of neurons can be 
recorded without having to impale and consequently damage 
them. When multi-barreled microelectrode assemblies are 
used, extracellular recordings can easily be combined with 
microiontophoretic drug testing (Budai and Molnar 2001). 
For this and other reasons, most in vivo neuronal spike detec-
tion is carried out with extracellular recording. Signals picked 
up by an extracellular electrode are in the pV range and need 
to be amplified if they are to be processed in more conven-
tional electronic devices such as oscilloscopes, analyzers or 
computers. The usual degree of amplitude amplification in 
extracellular amplifiers is around I0.(KK). The electrode must 
A c c e p t e d N o v 16. 2 0 0 4 
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be connected to a specialized preamplifier (also known as a 
headstage) in order to work properly. The electrical properties 
of the headstage and main amplifiers set a limit to the small-
ness of signals that can be reliably measured. 
The main difficulties with extracellular recording are the 
unwanted electrical signals or "noise" as it is popularly called. 
Noise in the present sense refers to unpredictable spontane-
ous voltage fluctuations, which appear as a thickening of the 
baseline when viewed on an oscilloscope at low sweep speed. 
An important distinction should be made, however, between 
the interferences (hum) from the mains power supply and the 
random noise that stems from the intrinsic properties of the 
substances from which the electrode and the electrical circuit 
are made (Purves 1981). Alternating electric fields give rise to 
capacitive coupling between the power lines and the micro-
electrode input circuit, and this coupling is responsible for a 
considerable proportion of the interference problems because 
of the high impedance of the microelectrode. Interference 
from alternating magnetic fields is another pernicious problem 
that can obscure microelectrode recordings. Thirdly, ground 
(earth) loops occur when ground leads are connected in such a 
way that a loop or cyclic path for current exists. A ground loop 
can act as a tuned circuit to pick up line frequency magnetic 
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Figure 1. Schema t i c d i a g r a m o t t h e h e a d s t a g e p r e a m p l i f i e r The low-
noise . l ow bias c u r r e n t FET i n p u t o p e r a t i o n a l a m p l i f i e r (OPA111) is 
u s e d as a n o n - i n v e r t i n g a m p l i f i e r w i t h a g a i n of 10. 
field radiation causing line hum interference. Transformers 
in line-powered equipment, microscope lamps and their as-
sociated wiring commonly cause both magnetic and electric-
field interference. Ground loops can form when a number of 
amplifiers are powered from a common direct current (DC) 
supply: they can be several meters in circumference if they 
go through ground leads to line-powered equipment. 
There are four main sources of random noise in the in-
put circuit for microelectrode recording: (1) the Johnson or 
thermal noise of the resistance of the microelectrode. (2) the 
voltage noise of the headstage preamplifier. (3) current noise 
of the preamplifier, and (4) "excess noise" in the microelec-
trode. The Johnson noise is due to the thermal motion of 
electrons, and sets a lower limit to the total noise. The voltage 
noise inherent in the preamplifier is the noise measured at the 
output when the input is grounded. The current noise comes 
from the miniature current that all operational amplifiers (op 
amps) have to draw in order to measure the voltage generated 
by the electrode. This current has a steady component (DC 
bias or leakage current), onto which random fluctuations are 
superimposed. The noise current flows through the parallel 
combination of electrode resistance and stray capacitance, 
producing a noise voltage. Microelectrodes display a noise 
component that is additional to their Johnson noise. This 
excess noise depends strongly on the voltage applied to the 
microelectrode. even though some excess noise is present in 
the absence of any applied voltage. The current noise is lin-
early dependent on the resistance of the electrode in contrast 
with the square root dependence exhibited by the Johnson 
noise. Both types of noise are band-limited by the low-pass 
filter consisting of the resistance of the electrode and the total 
input capacitance. 
Not much can be done about the random noise, except 
to use electrodes with lower impedances at the frequencies 
necessary for spike recording. Careful selection of high-
quality op amps and other parts is also of crucial importance 
in amplifier designs. The key specifications for the op amps 
are the bias current and voltage noise. Adherence to a few 
design rules, however, can greatly diminish the interferences 
Figure 2 . Physical l ayou t of t h e h e a d s t a g e p r o b e . T h e c e n t e r r e c e p -
tac le of t h e SMA c o n n e c t o r m a t e s w i t h t h e pin of t h e m i c r o e l e c t r o d e , 
w h e r e a s its shel l a c c o m m o d a t e s t h e e l e c t r o d e h o l d e r a d a p t o r s , a s 
s h o w n in Fig.3. T h e g r o u n d i n g p in is in g a l v a n i c c o n t a c t w i t h t h e m e t a l 
p a r t s of t h e h e a d s t a g e p r o b e . 
resulting f rom alternating electric or magnet ic fields and 
ground loops. Appropriate grounding and shielding in com-
bination with a prudent physical layout of the experimental 
set-up eliminates the need for the fully enclosed Faraday 
cage of yesteryear. We described here a novel ultralow-noise 
headstage and main amplifier system for extracellular spike 
recording. This amplifier can be operated from batteries, to-
tally independently from mains power. Its unique headstage 
probe design allows direct connection of the microelectrodes. 
further reducing destructive electromagnetic interferences and 
at the same time serves as an electrode holder. 
Materials and Methods 
Headstage ampl i f ier 
From an electronics viewpoint, our headstage or preamplifier 
is a classic non-inverting amplifier w ith gain (Horowitz and 
Winfield 1996: Fig. I). In order to minimize interferences by 
alternating electromagnetic fields, microelectrodes can actu-
ally be plugged into the spark-plug type SMA receptacle of 
the headstage probe ( J r Johnson Components. Part No. 142-
0701-41 I). as shown in Figs 2 and 3. The miniature spring 
socket J. (AMP Inc.. Part No. 50864) provides an input for the 
ground lead and mates with pin diameters ranging from 0.66 
to 0.84 mm. The non-inverting input lead (pin 3) of the low-
noise. low -bias current FET-input op amp. OPA111. is kept in 
mid-air and is directly soldered into the input pin of the SMA 
receptacle. The very short distance between the OPA 111 and 
SMA connector and the PTFE (TeflonI insulation of the re-
ceptacle allow s a leakage-free, low-noise connection between 
the microelectrode and the preamplifier. Resistors R( and R. 
should be of I c/r tolerance or better and they provide a gain of 
10. which is sufficient to bring the signal out of the amplifier 
noise region. The input shunt resistor R should be used w ith 
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Figure 3 . Use of t h e h e a d s t a g e p r o b e in c o n j u n c t i o n w i t h mu l t i ba r r e l , 
c a r b o n f i b e r - c o n t a i n i n g e l e c t r o d e s ( u p p e r p a n e l ) o r w i t h s t a n d a r d 
t u n g s t e n m i c r o e l e c t r o d e s ( lower pane l ) . N o t e t h e a d a p t o r s f o r t h e 
t w o t y p e s of m i c r o e l e c t r o d e . The m e t a l e l e c t r o d e is he ld in p l a c e by 
c o p p e r foi l w i t h c o n d u c t i v e adhes ive , w h i c h a l so p r o v i d e s e x t e n d e d 
s h i e l d i n g f o r s m o o t h r e c o r d i n g . 
tungsten or carbon fiber electrodes, but should be omitted for 
high-impedance electrodes. This resistor shunt removes DC 
and most low-frequency signals from the input (Millar 1992). 
Capacitor C, "rolls o f f ' the gain to unity at low frequencies 
or DC to stop the amplifier saturating if DC potentials exist 
at the electrode (Millar and Barnett 1994). Small tantalum 
capacitors C , and C. bypass the ±15 V power supply leads 
to 0 V to prevent oscillation. The metal can of the OPA111 
should be grounded (pin 8) for additional shielding of the 
front-end op amp. 
The physical layout of the headstage probe is shown in 
Fig. 2 and 3. The entire circuitry is placed in a 14 mm x 50 
mm (diameter x length) nickel-plated cylindrical brass con-
tainer for added shielding from electromagnetic interference. 
Microelectrodes can be inserted directly into the center pin of 
the SMA connector fixed in the front-end of the probe (Fig. 
2). The center pin is embedded in a PTFE insulator, whereas 
the grounding receptacle is in galvanic contact with the metal 
parts of the headstage probe. Two types of electrode holder 
adaptors (modified SMA plugs) can be screwed onto the 
SMA connector, making the headstage at the same time for an 
electrode holder. One is used to attach glass-insulated single 
or multibarrel carbon fiber electrodes (Armstrong-James and 
Millar 1979: Millar and Williams 1988; Budai and Molnar. 
2001: Millar and Pelling 2001). as shown in Fig. 3. The 
other type of adaptor is used to accommodate small-diameter 
metal electrodes. To configure this type of electrode holder, 
the connector pin of the electrode is inserted first into the 
front of the adaptor and pulled through it so that it protrudes 
somewhat from the back-end of the adaptor. This is done on 
a Hat surface before the adaptor is screwed onto the SMA 
connector. A small pair of tweezers is used to grasp the pin of 
the electrode and insert it into the input socket of the probe. 
The adaptor is then screwed onto the probe gently by hand. 
Next, an about 2.5 cm-long strip of copper foil with conduc-
tive adhesive tape (3M. Part No. 1181) is rolled cylindrically 
so that one-third of the 25 mm width of the tape is around 
Figure 4. S c h e m a t i c d i a g r a m of t h e m a i n ampl i f i e r , s h o w i n g d e t a i l s of t h e DC-DC c o n v e r t e r , s igna l i n p u t b u f f e r , b a n d pass a n d n o t c h f i l t e r ing , 
as wel l as t h e f ina l g a i n s t a g e s . See Table 1 fo r speci f ic p a r t va lues . 
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ihe front-end of the adapter and two-thirds of it is around the 
shank of the electrode itself. Finally, the front-end of the tape-
is llattened with the thumb and forefinger and the excessive 
parts of the foil are cut off. The copper foil has a twofold 
purpose: it holds the electrode in place and it provides an 
extended shielding for smoother recording. The end-result 
of this procedure is illustrated in Fig. 3. The headstage probe 
can be securely fixed in most micromanipulators via its 6.4 
mm x 105 111111 (diameter x length) mounting rod. which also 
serves as a cable guide. The headstage probe is connected to 
the main unit by a 1.5-m-long. well-shielded, high-flex cable 
(Belden. Part No. A3308) through the use of a four-pole, 
screw-on connector (Hirose. Part No. SR30-10PE-4P) placed 
on the free end of the cable. 
Main amplif ier 
Miniature DC-DC converters allow a very space-saving solu-
tion to make dual ±15 V rail supplies available on board. The 
S, NMA12I5S in the main amplifier can utilize almost any 
12 V DC source for input, including good-quality external 
AC-DC converters or batteries. It is a ful ly encapsulated 
DC-DC converter, w ith the added benefit of galvanic isola-
tion to reduce switching noise. The DC input and outputs are 
smoothed by LC filters (L^L, , 0 , -C , : Fig. 4). Specific values 
for each part reference are given in Table 1. 
T a b l e 1 . List of m a t e r i a l s f o r t h e m a i n a m p l i f i e r 
item Quantity Reference Value Manufacturer 
1 3 C I , C2, C3 1.0 pF Panasonic 
2 8 C4, C5. C7. C8. C12, C13, 2.2 pF Та Panasonic 
CIS , C16 
3 1 C6 0.83 pF Panasonic 
4 1 C14 3.3 pF Panasonic 
5 2 C9. C10 500 pF Panasonic 
Б 1 C11 1000 pF Panasonic 
7 1 J1 DC power jack 163-1021 Kobiconn 
8 1 12 Four-pin receptacle SR30-10R-4S Hirose 
9 1 J3 BNC jack 30-10-RFX Amphenol 
10 1 11 47 pH J.W Miller 
11 2 L2. L3 330 pH J.W Miller 
12 1 R1 2 k'J Yageo 
13 1 R2 100 k i i Yageo 
14 2 R3, R16 10 kSi Yageo 
15 2 R4, R5 22 kU Yageo 
16 2 R6. R7 68 k i l Yageo 
17 2 R8, R9 33 k i i Yageo 
18 1 R10 10 Sä Yageo 
19 1 R11 3.16 MU Phicomp 
20 2 R12, R13 6.37 MU Phicomp 
21 1 R14 too u Yageo 
22 1 R15 Trimmer 
potentiometer 2 k i i Bourns 
23 1 R17 Potentiometer 50 k i i Precision 
Electronic 
24 1 S1 DC-DC converter NMA1215S CSD Technolo 
gies 
25 1 U1 OPAI 11AM Tl/Burr-Brown 
26 1 U4 OPA111BM Tl/Burr-Brown 
27 2 U2, U3 UAF42AP Tl/Burr-Brown 
28 1 U5 ОРА277АР Tl/Burr-Brown 
I ms 
Figure 5. Single-unit recording f rom a medul lary neuron in an anes-
thet ized rat. Spikes w e r e evoked by per ipheral st imulat ion. Note the 
excellent signal-to-noise ratio and the low-noise basel ine recording. 
The Uj op amp buffers signals arriving from the headstage 
preamplifier and its output are AC-coupled (CB) to the band 
pass filter stage (Fig. 4). Before filtering, the signal is ampli-
fied by the uncommitted op amp of the U, UAF42 universal 
active filter!UAF42 Datasheet. 1998) and resistors R, and 
R,. A tuned circuit band pass filter for the spike bandwidth 
(approximately 300 Hz to 8(XX) Hz) is constructed, using two 
UAF42 active filters (U, and U,) and the network of resistors 
R,-R„ (Molina and Stitt I993). To reduce electromagnetic 
interference from the mains line power, an additional 50/60 
Hz reject (notch) filter is included. This is comprised of an 
OPAI I IBM op amp (U4). resistors R | 0 -R, , and capacitors 
C, (-C | r Resistors R ^ R , , define the reject frequency: different 
resistor values are used for 50 Hz and 60 Hz. as specified in 
Table I (OPAI 11 Datasheet. I995). The notch filter stage is 
AC-coupled (C u ) to the final, variable-gain stage that consists 
of the op amp U, and resistors R | 4. R | 5 and R | r Potentiometer 
R,, is placed on the front panel to adjust the required gain 
during an experiment, while trimmer potentiometer R l 5 is for 
calibration of the overall gain in the w hole system. 
The layout of the circuit is not critical except for the 
w iring at the non-inverting input of U,. This wiring is per-
formed with stiff w ire in mid-air. The entire circuit is placed 
in a tin-plated iron box in order to minimize electromagnetic 
interference. With the part values listed in Table I. the main 
amplifier produces a max signal gain of about 1.000. During 
application of a l() mV peak-to-peak sine wave signal with 
a frequency of l kH/ at the input connector J., the trimmer 
R,, can complete fine calibration of the main amplifier. The 
input calibrating, signal together with the output amplified 
signal, should be adjusted and observed by using a calibrated 
two-channel oscilloscope. The signal w ill already have been 
ampli f ied by 10 in the headstage amplif ier , and thus the 
overall gain in the whole system is K).(KX). Resistors R . R, 
and/or R u , R,< or R r should be replaced with the required 
values if a different system gain is necessary. The actual 
appearance of the main amplifier has been published on the 
Internet (Budai 2(X)4b). 
•Values for 50 Hz. For 60 Hz. use 2.67 Mi! and 5 34 MO, respectively 
I 6 
Extracellular amplifier 
Extracellular recording in vivo 
Sprague-Dawley rals (300-400 g) of either sex were ini-
tially anesthetized with chloral hydrate (40 mg/l()0 g. i.p.; 
supplemental doses as required). All procedures relating to 
animal handling and surgery followed the protocol for ani-
mal care approved by the Hungarian Health Committee and 
the international guidelines (EC Directives. 86/609/EEC). 
Experimental details have been published previously (Budai 
and Molnar 2(X)1). In brief, single-unit recordings were made 
from neurons of the medulla located between the planes from 
11 mm to 12 mm behind the bregma (Paxinos and Watson. 
1998) using the headstage and main amplifiers described 
above. Spike potentials were recorded with a four-barreled 
micropipet assembly in which one of (lie barrels contained 
a 7-(jm carbon liber creating a low-impedance (0.4-0.8 MQ 
at 1 kHz) recording electrode (Budai and Molnar 2001) 
as shown in Fig. 3. The experimental data collection was 
automated by means of a multifunction instrument control 
and data acquisition board (PC-1200. National Instruments. 
Austin. TX) programmed in LabView (National Instruments. 
Austin. TX). The Lab View-based data acquisition and instru-
ment control software was developed in-house: ii has been 
published in part elsewhere (Budai 1994. 2004a). Analog 
signals were sampled and digitized at 50 kHz by the data 
acquisition card, and oscilloscope trace-like recordings were 
taken from all neurons. 
Results and Discussion 
If the measured noise voltages are squared and the mean 
square is computed, the fluctuations of both signs contribute 
positively. The square root of this mean (RMS) is the usual 
way of expressing the magnitude of noise voltages. The RMS 
of the Johnson noise is (4kTRAf)" :. where k is the Boltzmann 
constant ( I . 3 8 x l 0 : ' JK '). T is the absolute temperature in 
Kelvin. R is the resistance of the microelectrode in ohm. and 
A/ is the noise bandwidth in Hz. If A/ i s 5 KHz. this formula 
gives 5.6 uV RMS for thermal noise in the case of carbon 
liber electrodes w ith a resistance of 0.4 MS2. when the tem-
perature is 2()°C= 293°K. When the input of the described 
headstage amplifier was grounded, the voltage noise in the 
whole system was no more than I uV RMS. On the use of 
four-barrel, carbon-fiber containing assemblies of borosilicate 
glass micropipets (Fig. 3) in the medulla of anesthetized rats, 
the total peak-to-peak noise levels increased to about 25 pV. 
i.e.. to about 6 uV RMS. This means that our headstage and 
main amplifier system is very close, in terms of noise perfor-
mance. to its theoretical lower limit and does not contribute 
significantly to the overall noise. We conclude that our pream-
plifier. in combination with carbon fiber electrodes, performs 
equally well or rather belter than those described previously 
(Millar and Williams 1988: Millar and Barnett 1994). 
Figure 5 illustrates a low-noise recording from a medul-
lary neuron with a four-barrel carbon fiber microelectrode. 
Spike responses were evoked by peripheral somatosensory 
stimulation applied lo the tail. Noteworthy features include 
the excellent signal-to-noise (spike-to-baseline) ratio and 
the very low-noise baseline recording. At times, tungsten 
electrodes shielded by our unique adaptor/holder (Fig. 3) 
produced even lower-noise recordings (data not shown). The 
copper foil shielding can be extended by a brushable shield 
through (he use of silver paint or colloidal silver (Sachs 1985). 
By this means, the shielding could be extended very close 
to the lip of (he microelectrode and. could possibly, further 
reduce interferences from electric fields as the impedance of 
metal or carbon fiber electrodes is largely capacitive (Robin-
son 1968) and only the real component of the complex im-
pedance of the electrode contributes to thermal noise (Millar 
and Barnett 1994). 
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Calcium oxalate crystals in floral organs of Helianthus 
annuus L. and H. tuberosus L. (Asteraceae) 
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ABSTRACT Helianthus annuus L. and Helianthus tuberosus L. belong to Asteraceae that is 
one of the greatest families of plant kingdom. Calcium oxalate crystals are found in most organs 
and tissues of many plant species. The type, morphology and distribution of calcium oxalate 
crystals in floral organs of H. annuus and H. tuberosus were studied. Crystals were investigated 
at light and electron microscopy levels. CaOx crystals in calyx and bracts both of H. annuus and 
H. tuberosus were not observed. The ligulate and tubulate corollas of H. annuus had styloid 
and prismatic crystals. Also in both of the ligulate and tubulate corollas of H. tuberosus were 
observed prismatic and styloid crystals as similar with H. annuus. Styloid and prismatic types of 
CaOx crystals in filaments of H. annuus and H. tuberosus were determined. In endothecial layer 
and tapetum cells of anthers of both of taxa only styloid type crystals were observed. The ovary 
was not contains CaOx crystals in H. annuus and H. tuberosus, Style of both of taxa had styloid 
shape crystals. But in stigma trichomes of H. annuus and H. tuberosus druses were found. The 
raphides were not observed in both of taxa. This study provides additional knowledge about 
the presence of CaOx crystals in Asteraceae. Acta Biol Szeged 48(t-4):i9-23 (2004) 
KEY W O R D S 
Asteraceae 
calcium oxalate crystals 
floral organs 
Helianthus anruus L 
Helianthus tuberosus L 
Calcium oxalate (CaOx ) crystals are found in many plant spe-
cies (Franceschi and Horner 1980: Prychid and Rudall 1999). 
They occur in different plant tissues including leaves (Horner 
and Zindlcr-Frank 1982: Lersten and Horner 2000). s tems 
(Grimson and Arnott 1983). roots (Dane et al. 2000; Horner 
et al. 2000). seeds (Webb and Arnott 1982. 1983: llarslan et 
al. 1997. 2001). CaOx crystals also occur in floral organs 
including ovaries (Tilton and Horner 1980). anthers (Buss 
and Lersten 1972: Horner 1977: Horner and Wagner 1980 
1992) and petals (Robertson 1978). There are not only a few 
taxa including Brassicaceae. Campanulaceae. Papaveraeeae. 
Sax i f ragaceae and Equisetaceae (Kinzel 1989). However. 
Iheir functional significance remains unclear, although vari-
ous functions have been attributed them. CaOx crystals give 
protection against foraging animals (Molano-Flores 2001). 
bind toxic oxalate (Borchert 1984). involved in in-plant Ca 
regulation (Franceschi 1989). salt s tress and homeos tas i s 
(Hurkman and Taraka 1996) and de toxi f ica t ion of heavy 
metals (Nakata 2003). 
CaOx crystals are widely distributed in plant and found 
in over 215 plant fami l ies (Franceschi and Horne r 1980: 
Molano-Flores 2001). The distribution and shapes of these 
crystals have been used as taxonomic characters for a number 
of plant families (Molano-Flores 2001). The shapes of CaOx 
crystals vary dif ferent ly and they commonly described as 
raphides. druses, styloids, prisms and crystal sand (llarslan 
Accep ted A u g 25. 2 0 0 4 
' C o r r e s p o n d i n g author . E - m a i l : c i l emie r i c@trakya .edu . t r 
et al. 1997). Prychid and Rudall (1999) reported that there 
are three main types of CaOx crystal as raphids. styloids and 
druses in monocotyledons. Druses are relatively rare in mono-
cotyledons than dicotiledons (Prychid and Rudall 1999). 
Besides exis tence of C a O x crys ta ls in long-l iving or-
gans such as roots, stems and leaves, it is also notable that 
these crystals are present in transitory floral organs such as 
s tamens, gynoecia and petals. They are quite prevalent in 
floral organs of many taxa including Dilleniaceae. Liliaceae. 
Palmae. Malvaceae. Cunoniaceae. Euphorbiaceae (Tilton and 
Horner 1980). Solanaceae (Horner and Wagner 1980. 1992). 
Leguminosae (Buss and Lersten 1972). 
Our interest in CaOx crystals began with observations of 
crystals in tapetal and endothecial layers during the embriyo-
logical study on H. annuus. Horner have indicated also exist 
of CaOx crystals in tapetum cells of H. annuus (Horner 1977). 
But other floral organs of H. annuus were not reported. This 
conducted us to investigate types and distributions of CaOx 
crystals in floral organs of Helianthus species growing in 
Turkey. There are two species of Helianthus genus in Turkey: 
H. annuus and H. tuberosus (Kupicha 1975). We aimed to 
determine types and distributions of CaOx crystals in floral 
organs of H. annuus and H. tuberosus in the study. 
Materials and Methods 
Plants of Helianthus annuus L. and Helianthus tuberosus L. 
were grown in the Greenhouse of Department of Biology. 
Trakya University. The buds and opened flowers were col-
19 
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Figure 1. CaOx crystals in l i g u l a t e coro l la of H. annuus. a, p r i smat ic crystal; b . s ty lo id crystal . Bar = 10 p m 
lected from H. animus and H. tuberosus. 
L ight Microscopy 
Florets were at different development stages belonging to H. 
annuus and H. tuberosus were fixed in mixture ethyl alcohol 
and glacial acetic acid (3:1) at room temperature overnight 
and changed to 95% ethyl alcohol. Bracts, calyxes, corol-
las. stamens, ovary, style and st igma were dissected out of 
florets. The samples were treated with 2.59c Clorox (sodium 
hypochlorite) for 4 h. After graded ethyl alcohol series, the 
samples were infiltrated with xylene, mounted in entellan on 
slides, and covered with cover slips (Ilarslan et al. 1997). Pho-
tographs were taken with an Olympus Photomicroscope. 
Transmiss ion E lect ron Microscopy 
Florets were fixed in 3% glutaraldehyde in Milloning's phos-
phate buffer at 4°C for 2 h. The floral organs were dissected 
and then placed in fresh fixative at 4°C for overnight. Fixed 
samples were passed though three buffer rinses, post-fixed in 
I c/c osmium tetraoxide ( 0 s 0 4 ) in the same buffer for 4 h at 
4 a C. Then the samples are rinsed several t imes in the buffer, 
dehydrate in a graded acetone series to propylene oxide, and 
embedded in Epon 812. The acid tests were used to determine 
the chemical composi t ion of the crystals. Control s amples 
were immersed in turn in 5% acetic acid. 10% hydrochloric 
acid. 3c/t nitric acid and 4% sulfuric acid (Molano-F lo res 
2001). All these tests conf i rmed that the crystals were cal-
c ium oxalate. 
R e s u l t s 
In Helianthus L. genus the inflorescence is a capitulum and 
it consist of two types flowers; ligulate flowers and tubulate 
flowers (Seiler 1997). The ligulate flowers have pistils, but 
contain no stamens. The tubulate flowers have both of pistil 
and stamens. Calcium oxalate crystals are displayed a similar 
distribution in both flower types of two taxa. Results were 
shown in Table I. 
T a b l e 1 . T h e t y p e s a n d d i s t r i b u t i o n of C a O x c r y s t a l s in H. annuus 
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Helianthus annuus L. 
Calc ium oxalate crystals were observed in s t amen , style, 
stigma, ligulate petal and tubulate petal of H. annuus. They 
are not observed in sepals and bracts. Crystals in corolla of 
ligulate flowers w ere dense in basis of the corol la and exist 
different shapes as prismatics (Fig. la) and styloids (Fig. lb). 
Whereas in tubulate flowers they are equally distribute in all 
corollas and present as prismatics and styloids. In s tamens 
they were found in both of anthers and filaments. Also in fila-
ments crystals were determined as prismatics and styloids. In 
endothecial cells (Fig. 2) and tapetal cells (Fig. 3) of anthers 
CaOx crystals were observed as styloid type. In these tissues 
no other types of crystals were observed. Epidermal cells 
and middle layer cells of anther contain no crystals. Only 
druse type of crystals was observed in glandular t r ichomes 
20 
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Figure 3. Styloids in t a p e t a l cells of H. artnuus. Bar = 10 p m 
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Figure 4 . Druses in g l a n d u l a r t r i c h o m e s a t t i p of a n t h e r s of H. annuus 
(a r rows) . Bar = 10 p m 
Figure 6. TEM p h o t o g r a p h s of s ty loids in t a p e t u m of H. annuus (cs, 
cross sec t ion ; Is, l o n g i t u d i n a l sec t ion) . Bar = 1 p m 
at tip of anthers (Fig. 4). In style, styloid type was found. 
In stigma crystals were found only in trichomes and druse 
shape (Fig. 5). CaOx crystals were not found in ovary of H. 
annuus. Styloids in cross sections were seemed cubical. In 
longitudinal section they were typically elongated and have 
pointed ends (Fig. 6). 
Helianthus tuberosus L. 
Distribution and existence of CaOx crystals in Helianthus 
tuberosus were similar with Helianthus annuus. Also calcium 
oxalate crystals were observed in stamen, style, stigma, ligu-
late petal and tubulate petal of H. tuberosus and they were not 
observed in sepals and bracts as H. annuus. Crystals in corolla 
of ligulate flowers were present as prismatics and styloids 
shapes and they are dense in basis of the corolla. In tubulate 
flowers they were observed as prismatics and styloids. In 
stamens they were found in both of anthers and filaments. In 
filaments crystals were determined as prismatics and styloids. 
Styloid type CaOx crystals were observed in endothecial cells 
21 
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and tapetal cells of anthers. In epidermal cells and middle la\ -
er cells no crystals were found. In glandular trichomes at tip 
of anthers druse crystals were determined. In style they were 
observed styloid type. In stigma crystals were found only in 
trichomes and they were druse type. Also CaOx cry stals were 
not found in ovary of H. tuberosus as H. annuus. 
Discussion 
In this study CaOx crystals in floral organs of H. annuus and 
H. tuberosus was revealed. Two types of the calcium oxalate 
crystals were common: styloids and prismatics in both of taxa. 
Druses were observed rarely in glandular hairs of anthers of 
and hair trichomes of stigmas in both of taxa. Only styloid 
crystals in the tapetum and endothecium cells of anthers 
were observed and while plasmodial tapetum degenerated 
they disappeared. Both of styloid and prismatic crystals in 
the corolla and filament were located. 
In the Asteraceae crystals were shown by a few previous 
studies (Horner 1977: Heinrich et al. 2002). Horner (1977) 
reported that styloids occur in tapetal cells of H. annuus. 
Crystals is not only in tapetum cells but also in endothecial 
cells and in glandular hairs of anther. Heinrich et al. (2002) 
have observed CaOx crystals in glandular hairs of Sigesbec-
kia joullensis Kunth such as glandular hairs of anther of H. 
annuus. But researchers did not determined calcium oxalate 
crystal types in glandular hairs. Calcium oxalate crystals have 
been shown to occur within the anthers of other higher plants 
(Schmid 1976: Horner and Wagner 1980). Primarily research-
ers have suggested that CaOx crystals in the anther may sup-
ply for pollen against predators, are metabolic waste products 
or lead to in the anther for dehiscence (Homer and Wagner 
1980). Besides CaOx crystals were suggested that they serve 
as a storage source for Ca (Ilarslan et al. 1997. 2001). This 
information is very important, because it is widely assumed 
that mitosis and cytokinesis are regulated by Ca"' (Hepler 
and Wayne 1985). The existence of CaOx crystals in tapetum 
and endotecium cells may also affect microsporogenesis and 
microgametogenesis. The level of Ca :* would control the 
assembly-disassembly of spindly microtubules and directly 
regulate both formation and function of the mitotic apparatus 
and phragmoplasts (Hepler and Wayne 1985). Besides syn-
thesizing callose (|'> 1.3 glucan) during microsporogenesis is 
required high concentration of Ca"" (Katti et al. 1994). Many 
studies already cited indicate the importance of Ca :". both as 
a structural and a physiological entity. 
Tilton and Horner reported that crystals within the carpels 
are completely solved by the time the carpels dehisce in Orni-
thogalwn catulamm Ait. They suggested that in Orniihogalum 
carpels may represent mobilization of Ca reserves from the 
carpels to the developing seeds. 
Physical and chemical conditions such as temperature, 
pressure. pH. and ion concentra t ion, may affect crystal 
growth, location, and properties (Franceschi and Horner 
1980). however it is considered that crystal formation w ithin 
the cell is under genetic control (Ilarslan et al. 2001). Al-
though some species have different crystal types in adjacent 
cells, a particular taxon can have specific cry stal shape (Pry-
chid and Rudall 1999). In present study, similar results in both 
taxa were observed except for small differences. 
In this study we aimed to determine CaOx crystals in H. 
annuus and II. tuberosus being a member of the Asteraceae. 
It is probably that also the other members may Asteraceae are 
contain crystals. The most comprehensive rev iew of crystal 
types and distribution for a single family (Zindler-Frank 1987. 
Leguminosae) lacks substantial documentation (Lersten and 
Horner 2(KX)>. Thus additional research is needed to better de-
termine CaOx crystals in other taxa belonging Asteraceae. 
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ABSTRACT Stigmatellin bound to the Q8 site of the reaction center of photosynthetic bacteria 
is one of the most potent inhibitors of interquinone electron transfer. In addition to its inhibi-
tory effect, it can be used to model protonated semiquinone and to probe the electrostatic 
environment. These properties were studied by two independent methods in isolated reaction 
centers and in chromatophores from cytochrome c-less mutant of Rhodobacter sphaeroides. 
The binding of the stigmatellin was detected by photochemical assay (flash-induced charge 
recombination of the reaction center) and the protonation/deprotonation equilibrium of the 
phenolic group by spectral assay monitoring the band peaks at 272 nm and 340 nm of the 
absorption spectra of the stigmatellin (AfJI2(deprot/prot) = 10 mM ' cm '). The dissociation con-
stant of stigmatellin binding increased by about two orders of magnitude from 4 nM (pH 8.5) 
to 350 nM (pH 11.0) in chromatophores indicating the difference in binding affinities between 
the protonated and deprotonated forms of the stigmatellin. The observed pA^of the phenolic 
proton has proved to be very sensitive to the surroundings: 9.4 (in aqueous solution), 9.4-10.3 
(in different detergents) and 10.2 (in excess to RC in detergent n-octyl-|5-D-glycopyranoside). 
This wide range of values may indicate highly different electric fields (energetic coupling with 
the phenolic proton of the stigmatellin) and/or solvation energy of stigmatellin in different 
p h a s e s o f t h e d e t e r g e n t / p r o t e i n / m e m b r a n e s y s t e m . A c t a Biol S z e g e d 4 8 ( i - 4 ) : 2 5 - 3 3 ( 2 0 0 4 ) 







Ultimately all life on earth depends on the ability of photosyn-
thetic organisms (bacteria and higher plants) to convert solar 
energy into other forms of free energy directly amenable to 
fuel energy consuming processes (ion transport. ATP produc-
tion. cell growth, etc.). The photosynthetic reaction center 
(RC). an integral membrane protein-pigment complex, plays a 
central role in this process. The RCs from purple bacteria are 
the best characterized of these membrane protein complexes 
(see Blankenship et al. 1995: Wraight 2004). 
The RC per forms light-induced redox chemistry: upon 
light excitation, the RC generates and exports oxidizing and 
reducing equivalents in acyclic manner. In RCs of purple bac-
teria and Photosystem II of oxygenic organisms, the reducing 
equivalents are produced and exported in pairs, as quinol 
( fu l ly r educed qu inone , QH,) . The reduct ion of qu inone 
(Ql by two electrons and two H* ions requires coordinated 
quinone/quinol exchange , l ight- induced electron t ransfer 
steps and proton transfer reactions (Fig. I and see Gerencser 
et al. 2000). The initial step of the quinone reduction cycle 
is the binding of quinone f rom the membrane pool to the Q | ( 
binding site of the RC. While the quinone is lightly bound 
(as a "prosthetic group") to theQ A site in both oxidi/.ed (Q x ) 
Accep ted Apr 16. 2 0 0 4 
"Cor re spond ing author. E - m a i l : p ina ra t i@so l . cc .u - s / eged .hu 
and anionic semireduced ( Q / l redox states in the RC. Q„ 
/A It 
is in weak binding equilibrium when fully oxidized (Q ) or 
reduced (QBH,) . If. however. QB is reduced by light gener-
ated lirst electron transfer, e( l) . it becomes tightly bound as 
semiquinone (QB ). The subsequent photoactivation of the 
RC provides a second electron. e(2) to the quinone complex 
( Q s QB ). The negative charges of the anionic semiquinones 
induce proton binding to the protein. The first proton uptake 
to the quinone headgroup. H( I) creates the energetically un-
favorable intermediate. Q A Q B H. The energetic gap between 
the two intermediates (QA QB and Q^ Q B H) depends on the 
proton equilibrium constant of the QB semiquinone (pA','). 
The range of pA'(' ( « 5 in water and 4 - 6 in RCs (Graige et al. 
1999: Lavergne et al. 1999)) suggests that the QA QHH state 
lies 6 0 - 1 8 0 meV above Q x Q„ at pH 7. and progressively 
more at higher pH (60 meV per pH unit). The uphill (fast) 
proton t ransfer is fol lowed by rate-limiting and downhi l l 
in terquinone electron t ransfer f rom Q^ to QBH result ing 
in the Q X (Q B H) - intermediate that is further protonated by 
downhill proton transfer to produce fully reduced quinone . 
QXQBH,. The uptake of the second proton. H(2) is kinetically 
indist inguishable f rom the first proton transfer in the wild 
type RC and can only be resolved in the case of mutants (e.g. 
G luL2I2-*Gln . where L' represents the L subunit of the RC). 
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from pool to pool 
F i g u r e 1 . Rela t ive f r e e e n e r g y levels of t h e r e d o x s t a t e s of t h e QAQB 
q u i n o n e a c c e p t o r c o m p l e x invo lved in t h e l i g h t - i n d u c e d r e d u c t i o n 
cycle in RC of p h o t o s y n t h e t i c bac t e r i a . N o t a t i o n s : hv. l i gh t d r iven 
r e a c t i o n ; e(1) a n d e(2): f i rs t a n d s e c o n d e l e c t r o n i n j e c t e d t o t h e 
q u i n o n e c o m p l e x , respect ive ly ; H(1) a n d H(2): f irst a n d s e c o n d H" ion 
b o u n d t o QB via e q u i l i b r i u m c o n s t a n t s of p K ' a n d p K " of t h e QAQB 
q u i n o n e a c c e p t o r c o m p l e x , respect ively . 
with significantly retarded second proton uptake rates (Pad-
dock et al. 1989: Takahashi and Wraight 1992: McPherson 
et al. 1994). The ubiquinol then leaves its binding site and is 
replaced by quinone from the membrane pool, and the turn-
over of the quinone complex can be started again. 
The protonation and the pK values of the different forms 
of the semiquinone in the photocycle have been one of the 
ongoing problems of RC research. The absorption spectrum 
of the (first) flash-induced QXQB state in isolated RC (with a 
characteristic peak at 450 nm) indicates that the semiquinone 
exists in fully anionic (unprotonated) redox state down to 
pH » 3.5. a lower limit for RC protein. This means that the 
pK"(QvQB) should be smaller than 3.5. It is much more dif-
ficult to determine the pK value of QB after the second flash, 
when the primary quinone is in reduced state. The protonated 
species Q x QBH is present only at low levels (due to the low 
pK value) even at acidic pH and is short lived due to the very 
rapid reduction to QVQBH (see the photocycle). Graige et 
al. (1999) were able to overcome this problem when they 
replaced the native ubiquinone at the QH site by rhodoqui-
none (RQ) that had a much higher solution pK (= 7.2) than 
the ubiquinone. The direct protonation of the semiquinone 
after the first flash could be observed and p M Q RQ ) - 7.2 
value was determined. After the second flash, they observed 
a regular pH-dependence of the second electron transfer rate 
with p/C(Q^ RQ ) - 8 . 0 . The upshift is ApK(Qx R Q / Q ^ R Q ) 
= 0.8. By comparing the behavior with RQ and ubiquinone, 
they suggested p Q B ) 4.5-5.0 for native ubiquinone 
at pH 7.5. This value is very similar to the pA" estimated for 
ubisemiquinone in water (pA" = 4.9. Wraight 2004). It should 
be noted that, based on the pH-dependence of the rate of the 
second electron transfer, the pK(Q y QB ) is not constant but 
is continuously modulated by interactions with changing 
electrostatic protein environment (different protonatahle 
groups with different pK values become deprotonated upon 
increase of the pH). 
One of the key steps of the quinone reduction photocycle 
is the exchange of quinone for quinol. During this process, 
several herbicides are able to replace the quinone by competi-
tive binding to the QB site, thereby blocking the photocycle 
(Tischer and Strotman 1977: Wraight 1981: Stein e ta l . 1984: 
Vermaas et al. 1984: Oettmeier and Preusse 1987: Paddock 
et al. 1988). Over 50% of commercially available herbicides 
function by inhibition of higher plants at the QB site on the 
D1 polypeptide of the photosystem II RC (Percival and 
Baker 1991). Many herbicides are triazines (e.g. atrazine. 
terbutryne). The triazine binding site has been localized by 
X-ray crystallographic analysis of the RC-terbutryne complex 
at a resolution of 2.9 A (Michel et al. 1986). High quality 
structural data have been collected on RC complexes with 
atrazine and two chiral atrazine derivatives paving the way 
for detailed description of the triazine type inhibitor binding 
(Lancaster and Michel 1996). 
Other inhibitors of QB function more closely resemble 
quinones in structure. Among these compounds, the antibiotic 
stigmatellin is the most widely used (Fig. 2). The chromone-
type stigmatellin is characterized by three unique and useful 
properties, a) It is a potent electron transfer inhibitor in sev-
eral redox proteins of bioenergetic membranes. In addition 
inhibiting quinone reduction in bacterial RCs (Giangiacomo 
et al. 1987: Oettmeier and Preusse 1987) and in photosystem 
II (Oettmeier etal . 1985). stigmatellin is a very active inhibi-
tor of quinol oxidation in the cytochrome bi\ complex. The 
dissociation constants (Ks value) for stigmatellin at the QK 
site of isolated RC from Rhodobacter sphaeroides is reported 
to be = 50 nM (von Jagow and Ohnishi 1985). whereas the 
509c inhibition (/.(1) value is 1.5 pM for RCs in native 
membranes (chromatophores: Giangiacomo et al. 1987). In 
chromatophores of Rb. capsulatus, the inhibition of the stig-
matellin was found to be much greater than that of terbutryne 
(the Ks values are 0.37 pM and 6.0 pM. respectively) and the 
release time of stigmatellin from the QB binding site is much 
larger than that of terbutryne ( - 30 s and 80 ms. respectively: 
Ginet and Lavergne 2001). b) The protonation state of the 
stigmatellin can be followed by absorption spectroscopy and 
the pK of the titrating site is estimated as 9.3 in aqueous 
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F i g u r e 2 . C h e m i c a l s t r u c t u r e s of u b i q u i n o n e a n d s t i g m a t e l l i n . Bo th 
h a v e h i g h b i n d i n g a f f i n i t y t o t h e Q B s i te of t h e p h o t o s y n t h e t i c 
RC. T h e n a t i v e u b i q u i n o n e s of Rp. viridis a n d Rb. sphaeroides a r e 
u b i q u i n o n e - 9 a n d u b i q u i n o n e - 1 0 , r e spec t ive ly . T h e k e t o o x y g e n s of 
u b i q u i n o n e c a n b e p r o t o n a t e d d u r i n g t h e q u i n o n e r e d u c t i o n cycle 
a n d t h e h y d r o x y l g r o u p of t h e s t i g m a t e l l i n can b e d e p r o t o n a t e d 
in t h e a l k a l i n e pH r e g i o n . S e e t h e s t r u c t u r a l s imi la r i ty b e t w e e n t h e 
m o n o p r o t o n a t e d s e m i q u i n o n e a n d t h e s t i g m a t e l l i n . 
solution (Graige et al. 19%). The pA of the phenolic proton 
of the stigmatellin is sensitive to the environment, and it can 
potentially be used as a probe of the local electrostatics, c) 
Comparing the chemical structures and binding positions of 
the quinones and the antibioiic stigmatellin. it appears that 
stigmatellin resembles the protonated semiquinone at lower 
pH (< 8) and the semiquinone anion radical at higher pH (> 
10). These quinone redox states are essential intermediates 
in the quinone reduction photocycle (Fig. 1). However, they 
(especially the protonated semiquinone) are not readily acces-
sible by direct spectroscopic and kinetics methods (Wraight 
2004). and stigmatellin may provide some insight to the 
modes of binding and interactions of semiquinones in the 
photocycle of the RC. The present study addresses these three 
aspects of stigmatellin in bacterial RC protein both in native 
membrane (chromatophores) and in detergent solution. 
Materials and Methods 
Reagents, bacterial strains, chromatophores and 
RCs 
The stability of the stigmatellin is limited in aqueous solution 
and after prolonged incubation (days) in aqueous solution, 
the stigmatellin looses its phenolic group: the 340 nm band 
gradually diminishes and disappears. To avoid this problem, 
fresh stigmatellin (Fluka) was always taken from a non-aque-
ous stock (4 mM in ethanol). To stabilize the pH of the sample 
solution. 2-10 mM pH buffers were used (Tris. Ches or Caps 
(all from Sigma) depending on the pH). 
The carotenoidless R-26 strain of the photosynthetic 
bacterium Rhodobacter sphaeroides was grown under pho-
toheterotrophic and anaerobic conditions in medium supple-
mented with potassium succinate. The nonphotosynthetic 
strain of the double mutant of Rhodobacter sphaeroides 2.4.1. 
CYCA1 (a kind gift of Prof. Donohue. Madison. Wisconsin 
USA) is deleted in cytochrome c,. It was grown aerobically 
in darkness in Hutner medium supplemented with kanamycin 
corresponding to the antibiotic resistance cassette associated 
with the deletions. 
To prepare chromatophores from CYC A1. the cells were 
washed, suspended in 100 mM KCI and 10 mM Tris buffer 
(pH 8.0) and broken by sonication. Unbroken cells were elim-
inated by centrifugation (17.000 g. 15 min). The supernatant 
was spun at 200,000g for 90 min. The chromatophore pellet 
was resuspended in a medium of minimum volume containing 
I mM Tris and 100 mM KCI. Samples were diluted 10-50 
times for measurements. 
Isolation of RC from R-26 chromatophore followed 
standard procedure (Maroti and Wraight 1988). The protein 
was solubilized by the zwitterionic detergent LDAO (N.N-
dimethyldodecylamine-N-oxide. Fluka) and purified by 
ammonium sulfate precipitation steps followed by DEAE 
Sephacel (Sigma) anion exchange column chromatography. 
The fractions of purity (ODM/ODMi:=) 1.30 were collected. To 
exchange the zwitterionic detergent (LDAO) for a non-ionic 
one (e.g. Triton X-100). the RC preparation was dialyzed 
against I mM Tris buffer (pH 8.0) and 0.03% Triton X-100 
overnight at 4°C under heavy stirring. 
Optical spectroscopy 
The pH-dependence of the absorption spectrum of the stig-
matellin was determined (with and without RCs or chro-
matophores) from the steady state spectrum, measured with 
a dual beam absorption spectrophotometer (Unicam 4A). The 
relatively small absorption change of the stigmatellin (AA = 
10 mOD) had to be detected in a background of large (A = 1 
OD). pH-dependent and overlapping absorption of the RC (or 
chromatophores) in the UV and visible range where scattering 
could be substantial. To reduce this technical difficulty, near 
field (close to the photodetector) observation was applied. 
The reference and sample were made identical by splitting 
the stock solution with buffers, RC (and detergent) or chro-
matophores into two halves and the baseline was recorded 
(usually at pH 8). Then stigmatellin was added to the sample 
cuvette and an identical volume of ethanol to the reference 
cuvette. The pH values of both solutions were measured by 
calibrated glass electrodes immersed into the 1-1 cm cuvettes, 
and adjusted to the same pH value by addition of small (1-5 
pi) amounts of concentrated (I M) HC1 or NaOH solutions. 
Flash-induced absorption changes were detected by a 
single beam spectrophotometer of local design (Maroti and 
Wraight. 1 9 8 8 ) . The charge recombination kinetics were fol-
lowed at 8 6 5 nm (isolated RC. A E ( 8 6 5 ) = 1 1 2 mM ' cm ') or 
at 6 0 3 nm (chromatophores. A E ( 6 0 3 ) = 2 0 mM ' c m 1 ) . Usu-
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F i g u r e 3 . Absorpt ion spectra of st igmatel l in at d i f ferent pH values . 
The a r rows at two characteristic peaks (272 nm and 340 nm) indi-
cate the direct ion of change of the bands upon pH increase f rom 
6.8 to 12.05. The spectra of protonated and deprotonated forms of 
st igmatel l in are shown at pH values much below and above the pK 
(= 10.3), respectively. Condit ions: 11 pM stigmatel l in, 0 .03% TX-100 
and 1-1 mM Tris, Ches and Caps. 
ally, they showed two (fast and slow) components revealed 
by biexponential decomposition of the trace via Levenberg-
Marquardt non-linear fitting: 
A = \ „ - e x p ( \ j ) + A , „ „ - e x p ( - k i l i m t ) <I) 
Here A and k are the amplitudes and rate constants of the 
components, respectively. Using the firmly bound quinone 
(stigmatellin) model (see Appendix), the fast component is 
characteristic of the charge recombination from the reduced 
primary quinone (blocked QB site. P*QS - » PQA), while the 
slow phase describes charge recombination from an accep-
tor quinone complex where the electron is shared between 
the twoquinones: P'(QVQ„) — P(QAQ„) (Wraight and Stein 
1983: Kleinfeld et al. 1984). 
T a b l e 1. p K v a l u e s o f pheno l i c p r o t o n o f s t igmate l l i n d isso lved 




0.020 % 10.3 
Triton X-100 (non-ionic) 
0.005 % 9.65 
0 . 0 1 0 % 10.15 
0.020 % 10.3 
0.030 % 10.3 
n-octyl-fi-D-glycopyranoside 
(non-ionic) 1 mM 9.4 
5 mM 9.7 
10 mM 9.8 
20 mM (cmc) 10.0 
PH 
F i g u r e 4. pH-titration of the stigmatellin based on the difference of the 
steady-state absorption spectra of the protonated/unprotonated forms 
in different environments: in water (A) , in detergent n-octyl-p-D-glyco-
pyranoside ( • ) and in detergent n-octyl-|i-D-glycopyranoside + RC ( • ) . 
The (solid, dashes and dotted) lines indicate fits of the measured data 
(in water, detergent and RC, respectively) by Henderson-Hasselbalch 
function of characteristic of the protonation equilibrium of a single and 
independent protonatable group. Conditions: * (5 pM stigmatellin, 2-2 
mM Tris and Ches, '/. - 272 nm), • (10 pM stigmatellin, 20 mM n-octyl-|i-
D-glycopyranoside, 2-2 mM Tris and Caps, /. = 272 nm), • (10 and 13 pM 
stigmatellin in the reference and in the sample, respectively, 3.46 pM RC, 
20 mM n-octyl-|l-D-glycopyranoside and 2-2 mM Tris and Caps. The frac-
tion of protonated stigmatellin was determined form the shape of the 
absorption spectrum.) The reference was identical to that of the sample 
except of (access) stigmatellin in the sample (the same volume of ethanol 
was added to the reference). The zero line of the spectrum was adjusted 
before addition of access stigmatellin to the sample at pH 8.4. 
R e s u l t s 
Spectral assay 
Our experiments demonstrate that the steady-state absorption 
spectrum of the stigmatellin is pH-dependent. and indicates 
the distribution between its ionized (deprotonated) and pro-
tonated forms (Fig. 3). The near-UV absorption spectrum of 
stigmatellin shows characteristic bands at 272 nm (strong and 
narrow ) and at 340 nm (much weaker and wider). Whereas 
the 272 nm band is one component of a complex UV band, 
the 340 nm band is a relatively isolated, single peak. Both 
bands are very sensitive to pH in the interval close to the pK 
value of the hydroxyl group of the molecule (Fig. 2). The 
absorption spectra recorded at different pH values show an 
isosbestic point around 300 nm. clearly indicating the inter-
conversion of two absorbing species with maxima at 272 and 
340 nm. Upon deprotonation (pH increase), the 340 nm band 
disappears completely, and the 272 nm band increases. By 
comparison of the absorption spectra of the fully protonated 
and unprotonated forms of the stigmatellin. the absorption 
peak at 272 nm can be calibrated: E,7,nm (unprotonated) = 
54 m M ' c n r ' and e,7 ,n m(protonated) = 44 m M ' c n v 1 . thus 
Ae,7 ,n m(unprotonated - protonated) = 10 mM '-cm ' .These 
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values can be used for estimation of the ratio of the ionized 
and protonated forms. 
The pA of the phenolic proton of stigmatellin is very 
sensitive to the environment. Figure 4 shows three pH-titra-
tions of stigmatellin under different conditions. The pH-de-
pendences of the fraction of protonated stigmatellin can be 
well approximated by a set of Henderson-Hasselbalch curves 
corresponding to a single protonatable group with a single pA' 
value that changes according to the environment. We observed 
pA' values of 9.4. 9.9 and 10.2 for (he phenolic proton when 
stigmatellin is in aqueous solution, solubilized in detergent 
n-octyl-p-D-glycopyranoside or attached (is large access) to 
RC. respectively. Several additional pA values, measured un-
der various conditions, are collected in Table I. The pA values 
range over about I pH unit, indicating significant variation of 
interaction of the phenolic proton with the environment. 
Photochemical assay 
The binding of stigmatellin to the QB site can be probed 
by monitoring the absorption change of the flash-induced 
charge recombination. The appearance of the fast phase in 
the kinetics is indicative of stigmatellin binding (Fig. 5). Two 
criteria must be met for simple application of this, i.e., without 
requiring major corrections: I) the quinone occupancy at the 
QB site should be complete in the absence of stigmatellin 
at all pH values (full reconstitution of the QB activity), and 
2) the lifetimes of the fast and slow components should be 
distinguishable at all (especially at very high) pH values. In 
the case of RC solubilized in detergent, the lifetimes of the 
two components at high pH values are rather close, but good 
signal-to-noise is obtained at high RC concentration and reli-
able decomposition of the kinetics can be achieved. The op-
posite case applies to chromatophores: the signal size is small 
compared to that of RC in detergent, but the slow component 
is much slower than the fast component (and the quinone oc-
cupancy remains close to 100%) even at pH II . This is due 
to the larger free energy gap between the two quinones of the 
RC in chromatophores than in detergents. 
We observed that the inhibitory effect of stigmatellin 
is pH-dependent. becoming less effective at high pH. The 
effect is more pronounced for RC in chromatophores than 
in detergent solution. Figure 5 shows systematic stigmatel-
lin-titrations at low and high (fixed) pH values where the 
stigmatellin is largely protonated (pH 8.5) and deprotonated 
(pH a 10.5). The data clearly show that the binding affinity 
of the stigmatellin to the RC decreases with increasing pH 
- by two orders of magnitude in chromatophores. but only a 
factor of 4 in micellar solution. 
Discussions 
The direct and separate measurements of binding and proton-
ation state of stigmatellin provide the basis for determining 
the role of the phenolic group in the binding affinity to the Q 
site. Based on results obtained in this work and available in 
the literature, we will concentrate our discussion on structural 
and functional aspects of stigmatellin binding and on further 
possible benefits regarding the physical-chemical properties 
of protonated semiquinone in the RC. 
Binding of stigmatell in 
The titrations of Figure 5 show stigmatellin to be a very ef-
fective competitor of quinone at the QB site of the RC both 
in detergent and in native membranes (chromatophores). 
The effective quinone content was different in the two sets 
of experiments. In chromatophores. the ratio of the quinone 
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F i g u r e 5 . C o n c e n t r a t i o n - d e p e n d e n c e of t h e inh ib i to ry e f f e c t of 
s t i gma te l l i n o n p h o t o c h e m i s t r y of RC in d e t e r g e n t Triton X-100 
( top ) a n d e m b e d d e d in c h r o m a t o p h o r e s of c y t o c h r o m e - l e s s m u t a n t 
of Rb. sphaeroides ( b o t t o m ) . The inh ib i t i on of s t i g n a t e l l i n is char-
a c t e r i z e d by t h e re la t ive a m p l i t u d e of t h e f a s t p h a s e of t h e c h a r g e 
r e c o m b i n a t i o n kinet ics d e t e c t e d a t 865 n m ( top ) a n d 6 0 3 n m (bot -
t o m ) a f t e r a s i ng l e s a t u r a t i n g f l ash exc i t a t i on . Condi t ions : 0 . 0 3 % 
Tri ton X-100. 2.21 p M RC a n d 5 m M Tris a t pH 8 .5 a n d 0 . 0 3 % Triton 
X-100. 2.0 p M RC a n d 5 m M Caps a t pH 10.5 ( top) . 280 n M RC, 100 
m M NaCI a n d 10 m M Tris ( b o t t o m ) . 
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QB occupancy is large (only slow phase recombination can be 
detected even at very high pH: Fig. 5 bottom). In detergent, 
the quinone level was low (only endogenous Q was present. 
i.e.. no quinone was externally added) and only about halt"of 
the RC had quinone bound at the QB site. Somewhat surpris-
ingly. the fraction of slow phase of the charge recombination 
remained unchanged upon pH increase (Fig. 5 top), even 
though both the quinone affinity and the interquinone one-
electron equilibrium constant are strongly pH-dependent 
in this pH range. However, this is consistent with the low 
detergent concentration, in which all the quinone is present 
in RC-detergent mixed micelles, whether bound to the QB 
or not. Following light activation, the interquinone electron 
transfer equilibrium can pull unbound quinone rapidly to the 
QB site of the RC (see for details Stein et al. 1984: Shinkarev 
and Wraight 1997). In the presence of stigmatellin. quinone 
is displaced from the QB site, but stigmatellin unbinds very 
slowly so that, even after light activation, the binding pattern 
established in the dark (before the Hash) is preserved. Thus, 
the titration of stigmatellin assayed by the slow recombination 
kinetics reflects the quinone/stigmatellin binding equilibrium 
in the dark-adapted state. This interpretation is supported by 
the slow unbinding rate of the stigmatellin (AiiM = 0.033 s ') 
relative to that of the P Q N -> PQ V charge recombination (kfmi 
= 16.4 s ') observed in Rb. capsulatus (Ginet and Lavergne 
2001). 
Based on this model of a competitive, pre-flash binding 
equilibrium (see the Appendix), the dissociation constants of 
stigmatellin can be estimated. In micellar solution, using Ay 
= 1.7 pM (in 0.1 % LDAO) for the dissociation constant of 
ubiquinone-10 (McComb et al. 1990) and | Q | = 2.4 pM. we 
obtain Ks = 0.4 pM at pH 8.5 and As = 1.8 pM at pH 10.5 for 
the dissociation constant of the stigmatellin. The value of A's 
= 400 nM at pH 8.5 is significantly larger than that obtained 
earlier (50 nM) by von Jagow and Ohnishi (1985). The reason 
is unclear. In chromatophores. the conditions are less defined. 
Assuming linear partition in the membrane, thus taking bulk 
concentrations for the RC (300 nM) and for the size of the 
quinone pool (9 pM). we get A's = 4 nM at pH 8.5 and A's = 
350 nM at pH 11.0 if A,,= 100 nM. (Actually. KJKQ ratio can 
be determined from the best fit. The very low amplitude of the 
fast phase of the charge recombination gives only an upper 
limit for the quinone dissociation constant: A'n < 200 nM.) 
The protonated form of stigmatellin had much higher 
binding affinity to the RC than the unprotonated form. As 
both forms are present in the pH region around the pA of the 
phenolic group, the binding pattern of the QB site becomes 
more complex: in addition to the quinone (naturally present 
in chromatophore). the protonated and deprotonated compo-
nents of the stigmatellin compete for the same binding site. 
The evaluation of the model and the discussion of the con-
sequences are challenging tasks but are beyond the capacity 
of this work. 
The observed difference in binding affinity of the un-
protonated and protonated states of the stigmatellin may be 
partly due to changes in the H-bond network that stabilizes 
the bound stigmatellin to the RC (see later) and partly to 
the electrostatics. The RC becomes increasingly negatively 
charged at higher pH. which may provide a global repul-
sion to the unprotonated (anionic) stigmatellin. Similarly, 
electrostatics may play a role in the dramatically decreased 
binding affinity of stigmatellin at high pH in chromatophores 
relative to that in detergent - the negative surface charge of 
the membrane may greatly diminish the effective partition 
coefficient for the unprotonated stigmatellin. Based on our 
experiments, we cannot argue that the anionic stigmatellin 
is less likely to partition linearly than the protonated spe-
cies, just mean that the anionic partition w ill be smaller than 
the neutral form. Further investigations are needed to make 
sharper distinctions. 
Stigmatellin bound to the QB pocket of the RC signifi-
cantly modifies not only the function of the RC by inhibiting 
the electron transfer, but also perturbs interactions between 
the donor and acceptor sides, within the protein. In chromato-
phores of Rb. capsulatus, it has been shown that stigmatel-
lin in the QH site may shift the midpoint potential ( £ „ p ) of 
the bacteriochlorophyll dimer (P/P*) (Ginet and Lavergne 
2000). The shift is significant when the primary quinone is 
reduced ( Q A ) : £m,,(QA . . . ) = 507 mV and £,„P(QV stig) = 
449 mV. thus the shift is A£m P(QA stig) = 58 mV. In case 
of terbutryne. the shift is insignificant: A£mP(QA~ terb) = 4 
mV. Thus, stigmatellin stabilizes the oxidized state of the 
dimer if Q x is reduced. The interactions between P/P' and 
QA/QX are markedly modified by the condition of the QB 
binding pocket (empty or occupied by ubiquinone, terbutryne 
or stigmatellin). 
Structural v iew of st igmatel l in binding to the 
RC 
Lancaster and Michel (1997) determined the crystal structures 
of RCs from Rhodopseudonumus viridis with ubiquinone-2 
(refined at 2.45 ,4 resolution. PDB entry code 2PRC) and stig-
matellin (refined at 2.4 A resolution, PDB entry code 4PRC) 
at the QB binding site (Fig. 6). The geometry and the stabiliz-
ing interactions of the quinone and stigmatellin binding are 
similar. The quinone ring and the chromone ring of the stig-
matellin are in the same plane. The stigmatellin is bound to 
the QB site with the titratable hydroxy! group at essentially the 
same position as a keto oxygen of the ubiquinone, the same 
keto oxygen that is believed to become protonated during the 
second electron reduction (the first protonation event) of Q„. 
It appeared that the pA of stigmatellin was above 11 in native 
RC but decreased to 9.5 in L213Asp - * Asn mutant RC that 
is very close to the value observ ed for stigmatellin in solution 
(Graige et al. 1996). Although this is a promising result to 
use stigmatellin as electrostatic probe of the Q[( binding site. 
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Ile L224 
Ser 1.223 
Asn L213 Glu L212 
F i g u r e 6 . St igmatel l in in QB binding site of RC f rom Rhodopseudo-
monas viridis ( the coordinates were taken f rom Protein Data Bank 
w i t h accession code 4PRC). Th in solid l ines: H-bond interact ions 
present also if the binding domain is occupied by ubiquinone (His 
L190 Nil - stig 0 4 , lie L224 N - stig OS and Gly L225 N - stig 0 8 ) and 
dashed lines: extra hydrogen bonds for further stabi l izat ion of stig-
matel l in binding (His L190 N6 - stig 0 5 and stig 0 8 - Ser 1223 Oy). 
further investigations are needed (see below). 
All of the interactions implicated in the binding of the 
ubiquinone headgroup are also implicated in the binding of 
the stigmatellin headgroup: the hydrogen bonds forquinone 
binding (His LI90 N6 - 0 4 . lie L224 N - Ol and Gly L225 
N - O l ) are also associated with stigmatellin binding (His 
LI90 N6 - 0 4 . lie L224 N - 0 8 and Gly L225 N - 0 8 ) . 
However, two additional hydrogen bonds stabilize the binding 
of stigmatellin over that of ubiquinone. First, the stigmatel-
lin proximal methoxy oxygen atom (05) can act as a second 
acceptor of a hydrogen bond from the His LI90 N6 atom. 
Second, the Ser L223 Oy atom accepts a hydrogen bond from 
the stigmatellin hydroxyl group (08). These two additional 
hydrogen bonding interactions may explain the higher affinity 
of stigmatellin to the QB site as compared to quinone in RCs 
from Rb. sphaeroides (Giangiacomo et al. 1987). The hydro-
gen bond interaction with Ser L223 Oy seems to be crucial 
in stigmatellin binding, as mutation of Ser L223 to Ala made 
the RC of Rb. sphaeroides resistant to stigmatellin (Paddock 
el al. 1995). The distances between H-bonding donors and 
acceptors can be derived from the Rp. viridis RC-stigmatellin 
structure data (PDB code 4PRC) and are listed in Table 2. 
The distances are short enough (average of 3.0 A) to assure 
relatively strong H-bonds. The Oy atom of Ser L223 is closest 
to the hydroxyl group (08) of the stigmatellin (2.8 A), and 
most likely makes the strongest H-bond. 
if the ambient pH exceeds pK. the level of anionic stig-
matellin becomes significant. Deprotonation of the hydroxyl 
group of the stigmatellin weakens the binding affinity via 
loss of H-bond donation from the stigmatellin to Ser L223 
Oy (stigmatellin is the proton donor) and by straightforward 
coulombic forces. On the other hand, deprotonation of the 
stigmatellin strengthens H-bond donation from the lie L224 
N and Gly L225 peptide NH groups (they are hydrogen-bind-
ing donors). These effects together will cause pH-dependent 
change of the binding affinity of stigmatellin to the QB binding 
site as was observed in our experiments. We might expect 
that the relatively small distinction between the affinity for 
protonated and unprotonated stigmatellin seen in isolated 
RCs more closely reflects the purely structural influences 
of the QB site, whereas the much greater distinction seen in 
chromatophores includes more extensive electrostatic influ-
ences in the membrane phase. 
Stigmatell in as possible electrostatic probe 
The measured pAT values of the OH group of the stigmatellin 
showed large variation in different environments indicat-
ing sensitive changes of the interactions (Fig. 4 and Table 
I). The interaction energy between the stigmatellin and the 
environment can include solvation energy of the stigmatellin 
in different (aqueous, detergent, membrane) phases, loose as-
sociation (nonspecific binding. Kálmán et al. 1997) with the 
RC protein or electrostatic energy. If the last term dominates 
the interaction (or the other terms can be separated) then the 
stigmatellin may work like a molecular probe of the environ-
ment. The observed pX" shift of the phenolic proton. ApA". is 
a direct indicator of the change in the prevailing electrostatic 
potential. Atp: 
A p K = ^ 
60 m V (2) 
Here, the proportionality factor 60 mV is calculated from 
the Boltzmann expression for the thermal energy (2.303ABD 
at room temperature. One unit of pK shift corresponds to 
- 6 0 m V change in electrostatic potential. ApX" - 0.3 pH unit 
T a b l e 2 . D i s t a n c e s b e t w e e n h y d r o g e n - b o n d i n g d o n o r s (D) a n d 
a c c e p t o r s (A) in t h e Q s s i t e f o r Rp. viridis R C - s t i g m a t e l l i n c r y s t a l s 
( P r o t e i n D a t a B a n k w i t h a c c e s s i o n c o d e 4PRC). 
D A D A (A) 
His L190 Né 
His L190 N6 
Ile L224 N 
Gly L22S N 
Stig 0 8 
Stig 0 4 
Stig 0 5 
Stig 0 8 
Stig 0 8 
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upshift is observed in RC relative to that in detergent (n-
octyl-p-D-glycopyranoside) that might be a consequence of 
negative surface potential of the protein (Atji — - 2 0 mV). 
It would be more interesting and important to probe inside 
the binding pocket. Preliminary experiments indicate that no 
major changes can be observed between pA values of stig-
matellin inside (added in stoichiometric quantity to the RC) 
and outside (added in large access to the RC). However, we 
can predict significant changes if the electrostatics of the bind-
ing pocket is artificially modified by site-directed mutagenesis 
of key amino acids. Graige et al. (1996) removed a negative 
charge from the vicinity of the bound stigniatellin by mutation 
of Asp for Asn at position L213 (AspL2l3 - » Asn) and the 
pA downshifted from an unidentified high value i p A ' » 10.6) 
to about 10. a value closer to the "solutional" pA'. Assuming 
that this pA' downshift comes from a single strong Coulombic 
interaction between the negative charges on the carboxylate 
of AspL2l3 and carbonyl oxygen of the stigniatellin. the ef-
fective potential at OS can be calculated: 
1 e 
A I// = (3) 
4nea £, r 
where e is the elementary charge (e = 1.6-10"" C). 80 (= 
8.854-101 2 As/Vm) and E, are the absolute and relative di-
electric constants, respectively, and r is the (average) distance 
between 0 8 of the stigniatellin and the carboxylic oxygens 
of AspL2l3 . Using ApA t - 1.5, i.e. bused on Eq. (2) Ai|> 
a + 90 mV and r = 7 A (obtained from the 4PRC crystal 
structure), we obtain rather small value for the effective di-
electric constant: E, < 20. This indicates that the interaction 
is only moderately screened by polarizable molecules. The 
stigniatellin (and also the native ubiquinone) is bound to a 
highly hydrophobic region of the QH binding pocket and the 
X-ray structures reveal only very few water molecules in the 
immediate vicinity. 
Appendix 
Scheme of binding equilibrium between quinone (Q) and 
stigniatellin (S) to the Q | ( site of the RC in the oxidized state 
of the primary quinone QN (in the dark or under pre-tlash 
conditions): 
Q \S<—~ * Q A * Q v Q B 
Here A s and A'(J are the dissociation constants of the 
stigniatellin and quinone. respectively. The RC. the quinone 
and the stigniatellin can be found either in free or in bound 
forms, thus their total amounts (concentrations, denoted by 
[..)) can be expressed as 
[ R C „ J = I Q , S M Q A ] + [ Q A Q B 1 ( A l ) 
IQ,.J=[Q(J+[QAQ„] <A2> 
IS l w J=[S f M l+ [Q A S | (A3) 
Under steady-state conditions 
[ Q J - | S ( J = *VIQ a S] (A4) 
I Q J I Q , J = A'( /[QVQB] (A5) 
There are 5 unknown quantities ( |Q A | . [Q, J . [ S , J . [QAS| 
and |QXQ I ( |) and 5 equations which are solved numerically 
using MatCad 4.0 (Fig. 5) 
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Phaffia rhodozyma was described by Miller el al. (1976). 
The accumulat ion of astaxanthin (3.3'-dihydroxy-f5.|3-caro-
tene-4,4 '-dione) as primary pigment in this red yeast created 
considerable biotechnological interest (Johnson and An 1991; 
Johnson and Schroeder 1996), Although astaxanthin is found 
in nature in several organisms (e.g. certain marine fish, crus-
taceans and birds), the number of natural sources of practical 
value is very limited. At the same time, both the aquaculture 
industry (as a feed supplement for sa lmon and trout) and 
various other applications connected with the excellent an-
tioxidant properties of astaxanthin (Schroeder and Johnson 
1993) demand substantial amounts of this carotenoid. 
Golubev (1995) described the sexual cycle of this yeast 
and of the teleomorph Xanthopyllomyces dendrorhous. pro-
posed to be con-specif ic with the anamorph P. rhodozyma. 
However, a number of data have accumulated that contradict 
this assumption. Kucsera et al. (1998) studied 6 isolates and 
sugges ted that X. dendrorhous and P. rhodozyma are dif-
ferent yeast species: the type strain of P. rhodozyma (CBS 
5905) differed f rom all the other investigated isolates as it 
was able to reproduce only asexually and it produced respi-
ratory-deficient petite mutants. Similarly, when the same 6 
isolates were screened for the presence of extrachromosomal 
genetic elements, ail proved to harbour double-stranded DNA 
plasmids. w ith the exception of P. rhodozyma type strain CBS 
5905 (Pfe i f fe re t al. 1994). The most convincing evidence for 
the separation of the two proposed yeast species has been 
obtained through the analysis of their rDNA IGS (intergenic 
spacer) and ITS (internal transcribed spacer) sequences (Fell 
A c c e p t e d Sept I 0 . 2IXW 
• C o r r e s p o n d i n g author . E-mai l : c saba@bio .u - szeged .hu 
and Blatt 1999). The phylogentic trees based on these data 
suggested the species-level separation of the C B S 5905 iso-
lates [P. rhodozyma) and 4 other isolates (X. dendrorhous). 
Random amplified polymorphic DNA (RAPD) analysis 
has proved to be a rapid and very sensitive molecular method 
when genetic polymorphism is to be detected (Will iams et 
al. 1990). This assay has been employed for the character-
ization of many fungi, e.g. Rhizomucor (Vastag et al. 2000). 
Gilhertella (Papp et al. 2003) and Rhizopus (Vagvolgyi et 
al. 2004). 
The aim of the present study was to investigate the utility 
of DNA polymorphisms detected by RAPD analysis for astax-
anthin-producing yeasts. Five random primers were tested for 
their ability to detect variability among 13 yeast strains, and 
cluster analysis was performed on the basis of these data. 
Materials and Methods 
Microorgan i sms , m e d i a and culture condi t ions 
The names and or igins of the 13 yeast s t ra ins examined 
are listed in Table I. On the basis of their collection codes, 
some of the strains (1. 7. 8 and 10: 2 and 4) were regarded 
as originating from the same isolate, but they were obtained 
independently from different culture collections. Three strains 
of Cryptococcus sp. (designated C r l . Cr69 and Cr76) were 
used as outgroups for numerical analysis. The strains were 
maintained on yeast-malt extract agar (YM: 0 .5% malt ex-
tract. 0 .25% yeast extract. 1% glucose. 0 .25% peptone and 
1.5% agar) slants at 4°C. For nucleic acid extract ions, the 
strains were cultivated in liquid YM medium at I8°C with 
continuous shaking (200 rpm). 
35 
Pa lág y i el al. 
T a b l e 1. List o f t h e a s t a x a n t h i n - p r o d u c i n g y e a s t s t r a i n s i n v e s t i g a t e d . 
Oriqinal code' Other code' Source'0 
1 CBS 5905 ATCC24202 ex Fagus crenata. Japan 
2 CBS 5908 ATCC24203 ex Alnus japónica. Kiso. Japan 
3 CBS 6938 CCRC22365 ex sap on stump of Betula sp., F inland 
4 ATCC 24203 CBS 5908 ex Alnus japónica. Kiso, Japan 
5 ATCC 24229 - ex Cornus brachypoda. Hiroshima, Japan 
6 ATCC 24261 - ex Betula maximowicyiana. Yamagata , Japan 
7 CBS 5905 ATCC24202 ex Fagus crenata. Japan 
8 CBS 5905 ATCC24202 ex Fagus crenata. Japan 
9 ATCC 24228 ex Betula papyrifera, Ra inbow Lake, Alaska 
10 CCY 77-1-1 CBS 5905 ex Fagus crenata. Japan 
11 ATCC 24230 UCD 67-385 ex Betula tauschii. Kiso, Japan 
12 W/IMP-UB - U.S., Norway 
13 Z/IMP-UB - U.S., Norway 
•The code which is used throughout this paper for clarity. 
•-Abbreviations: ATCC: American Type Culture Collection. Manassas, VA, USA CBS Centralalbureau voor Schimmelcultures. Utrecht. The Netherlands CCRC Culture 
Collection and Research Center. Food Industry Research and Development Institute. Hsinchu. Taiwan. CCY: Czechoslovak Collection of Yeasts, Bratislava, Slovakia. 
IMPUB: Institute of Microbiology and Plant Physiology, University of Bergen, Norway. UCD H. J Phaff Yeast Culture Collection, University of California Davis, Davis, 
CA. USA. 
Strains regarded as the same, but obtained independently from different sources: 1. 7. 8 and 10; 2 and 4 
RAPD analys is 
Total DNA was isolated by a modification of the method of 
Leach et al. (1986). Yeast DNA sequences were amplified by 
the 10-mer primers OPC-02 (5 ' -GTGAGGCGTC-3') . OPC-
04 (5'-CCGCATCTAC-3'), OPC-()5 (5'-GATGACCGCC-3'). 
OPC-07 (5'-GTCCCGACGA-3') and OPC-08 (5-TGGACC-
G G T G - 3 ) from Operon Kit C (QIAGEN Operon. Alameda. 
CA. USA). 
t 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 1Z 
Figu re 1. R e p r e s e n t a t i v e a m p l i f i c a t i o n p a t t e r n s of Phaffia, Xanthophyl-
lomyces a n d Cryptococcus s t r a i n s o b t a i n e d w i t h OPC-02 u s e d a s p r i m e r . 
L a n e 6, p U C Mix M a r k e r DNA a s s i ze s t a n d a r d ( F e r m e n t a s ) . L a n e 13, 
H / n d l l l - d i g e s t e d >. DNA a s s ize s t a n d a r d ( F e r m e n t a s ) . L a n e s 1-5, s t r a i n s 
1, 2, 3, 4 a n d 5, r e spec t ive ly . L a n e s 7-12 , s t r a i n s 6, 8, 9. 10. 11 a n d 12, 
r e s p e c t i v e l y . L a n e 14, s t r a i n 13. L a n e s 15-17, Cryptococcus s t r a i n s Cr1. 
C r 6 9 a n d Cr76, r e s p e c t i v e l y . 
Ampl i f i ca t ions were pe r fo rmed as descr ibed ear l ier 
(Vastag et al. 20(H)). with slight modifications. The reaction 
mixtures (25 ul) contained I x PCR buffer (10 mM Tris-HCl. 
pH 9.0. 50 mM KCI. 1.5 mM MgCI, and 0.1%- Triton X-
100). 200 uM each of the dNTPs (Pharmacia. Peapack. NJ. 
USA). 2.5 mM MgCI2 . 0.2 uM primer. 0.5 U of Taq DNA 
polymerase (Zenon. Oakville. ON. Canada) and 125 ng of 
genomic DNA. Samples were overlayered with 40 ul of sterile 
mineral oil (Sigma. Budapest. Hungary). Control reactions, 
without genomic DNA extract, were also run. 
PCR w a s c a r r i e d out w i th a P T C - 1 0 0 - 6 0 D N A 
programmable thermal controller (MJ Research. Waltham. 
MA. USA) set for a denaturation step at 93°C for I min. fol-
lowed by 45 cycles at 92°C for I min. at 37°C for I min and 
at 72°C for 1 min. An extension step at 72°C for 6 min was 
applied after the final amplification cycle. 
The amplification products (10 ul of each reaction) were 
analysed by electrophoresis on 0.9c/c agarose gels in TAE 
0 0 0 0 0 0 0 0 
¥ 
Figu re 2 . D e n d o g r a m o b t a i n e d by U P G M A l i n k a g e w i t h c l u s t e r i n g of 
J a c c a r d c o e f f i c i e n t s c a l c u l a t e d f r o m RAPD d a t a . T h e s c a l e r e p r e s e n t s 
d i s s imi l a r i t y ( s q u a r e d d i s t a n c e ) . T h e s t r a i n n u m b e r s o n t h e l e f t a r e 
t h o s e l i s t ed in T a b l e 1. T h e c o p h e n e t i c c o r r e l a t i o n c o e f f i c i e n t o f t h e 
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buffer (40 mM Tris-acetic acid pH 7.6. plus 1 mM Na2EDTA) 
containing 0.5 ug/ml ethidium bromide. Banding patterns 
were visualized by UV fluorescence. W//i</III-digested A. 
DNA (Fermentas, Vilnius, Lithuania) and pUC Mix Marker 
(Fermentas) were used as size standards. Each isolate was 
analysed by RAPD-PCR at least 3 times. 
Numerical analys is of the RAPD patterns 
The RAPD banding patterns were analysed in order to deter-
mine the genetic reiatedness of the isolates. A matrix based on 
the presence or absence of amplicons observed after electro-
phoretic separation was created. From these data, similarity 
matrix of Jaccard coefficients were calculated and used with 
the UPGMA (unweighted pair-group method using arithme-
tic averages) linkage (Sneath and Sokal 1973) to produce 
a dendogram. Numerical analysis was performed with the 
SYNTAX 5.0 software package (Podani 1993). 
Results and Discussion 
All 5 primers used efficiently amplified various regions of the 
investigated yeast genomes. They revealed different levels of 
variability, but in general a substantial level of polymorphism 
was detected among the 13 strains. As an example, results of 
the RAPD experiment with the OPC-02 primer are shown 
in Figure I. 
The data derived from the RAPD experiments were used 
for cluster analysis. A dendrogram was generated by using 
unweighted pair group average linkage clustering of the 
Jaccard coefficients. The dendrogram obtained is shown in 
Figure 2. Three Cryptococcus strains were used as outgroups 
during this analysis. The dendrogram revealed 3 clusters (A. 
B and C) and 4 unclustered strains. Among these, we found 
the 3 Cryptococcus strains used as outgroups. They differed 
at a high level both from all Pliaffia and Xanthophyllomyces 
strains and from each other. Cluster A contains 5 P. rlio-
dozyma strains (strain 1 is the type strain of P. rhodozyma). 
Among them. 4 strains (1 .7 . 10 and 8) are known to be the 
same origin, but had undergone prolonged maintenance in 
different culture collections. Suprisingly. their RAPD pat-
terns displayed characteristic differences. Members of this 
cluster are not able to sporulate. but are able to produce a 
respiratory-deficient petite mutant (Kucsera et al. 1998) and 
have a genome size higher than 20 Mbp (Nagy et al. 1994). 
In contrast, cluster B involves Xanthophyllomyces strains 
with sporulation capability, a petite-negative character and 
a genome size around 16 Mbp (Nagy et al. 1994). Cluster C 
contains 2 Xanthophyllomyces strains with a common origin 
(ATCC and CBS maintenance), but with several different 
RAPD markers. Strain 13 was situated as an unclustered 
strain in the dendrogram. 
These results prove the applicability of the RAPD method 
for investigations of intraspecific variability and for determi-
nations of strain-specific markers (Phaffia and Xanthophyl-
lomyces strains separate well when RAPD markers are evalu-
ated ). but they also demonstrate some limits of this approach. 
Particularly as concerns culture collection strains which have 
undergone prolonged maintenance, special care is required in 
assessments of natural genetic variability. Interestingly, some 
of the Xanthophyllomyces strains (strains 2, 4 and 13) also 
revealed very high, nearly species-level differences from the 
other Xanthophyllomyces strains in this RAPD analysis. 
This rather high intraspecific genetic variability might 
originate from the aneuploid or polyploid state of these yeasts. 
An earlier study relating to the electrophoretic karyotyping 
of some wild-type and mutagenized strains of Xanthophyl-
lomyces raised questions concerning their haploid character 
(Nagy et al. 1997). A recent investigation (Hermosilla et al. 
2003) concluded that X. dendrorhous is diploid. A similar 
result was obtained when the ploidy of the P. rhodozyma 
type strain (ATCC 24202) was evaluated via flow cytometric 
analyses of propidium iodide-stained cells and mutagenic 
inactivation kinetics (Medwid 1998): the findings suggested 
that P. rhodozyma is polyploid. 
The results of the present study provide further informa-
tion concerning the genetic make-up of the two astaxanthin-
producing yeasts P. rhodozyma and X. dendrorhous. and help 
to identify genetic markers for the species delimitation which 
is not allowed by simple morphological traits. 
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ART ICLE 
Developmental anomalies and other pathological lesions 
of the sternum in a medieval osteological sample 
Gyu l a L. Farkas1*, László Józsa2 , László Pa j a ' 
'Department of Anthropology, University of Szeged, Szeged, Hungary,2 Department of Morphology, National Institute of 
Traumatology, Budapest, Hungary 
A B S T R A C T We cannot often read about the developmental anomalies of the sternum in 
paleopathological literature (Brothwell 1965; Tóth and Buda 2001); medical publications on 
anomalies resulting in chest deformity based on recent population are also rare (Keszler and 
Szabó 1996). Fractures and inflammation of the sternum are fairly infrequent, and the symptoms 
of porotic hyperostosis caused by increased red blood cell production are seldom detected in 
osteological samples. Some developmental anomalies (e. g. sternum fenestratum, alterations of 
the xiphoid process) do not influence the function or physiological form of the chest, while others 
may change the shape and diameter of the chest causing difficulties in breathing and in heart 
function. Some genetic diseases, through the malfunction of the production of the connecting 
tissues' basic substantia and fibres, necessarily entail changes in the shape of the sternum. In 
individuals suffering from Marfan syndrome, sternum excavatum, while in individuals suffering 
from Hurler- and Morqio-syndrome (and other mucopolysaccharidosis cases), pectus gallinaceum 
can be observed. Other sternum anomalies resulting from non-genetic factors also seem to run 
in the family, though how they are inherited is not yet known. An anomaly called synchondrosis 
sternii develops during postnatal life, and means that the originally cartilaginous sternebrea do 
not become ossified, there remain synchondrosis between the parts even through the whole 
lifetime. This, however, does not cause abnormal chest movement. In some cases, the fracture 
of the sternum may lead to serious respiratory disfunction, and the healing of these injuries 
without any surgical intervention is not guaranteed. The development of pseudo-articulations 
may also cause abnormal chest movement. Osteomyelitis spreading to other organs may prove 
to be dangerous, even fatal. Acta Biol Szeged 48(1-4):39-42 (2004) 





It was in 1966. when 103 graves were dug out by archaeolo-
gist Mihály Kőhegyi at the site of Bátmonostor-Pusztafalu (15 
km from Baja southward. Southern Hungary: Kőhegyi 1967). 
Later, between 1977 and 1986. Piroska Biczó continued the 
excavation: 2543 fur ther graves were excavated. In Biczó's 
opinion, the cemetery dates back to the I4'h-I5"' century, and 
80% of the graves have been excavated (Biczó 1978-1986). 
We have to note, however, that this is the biggest medieval 
cemetery found in Hungary so far. 
Materials and Methods 
The age determination of the infant and adolescent individuals 
was carried out on the basis of the diaphyseal length of long 
bones (Stloukal and Hanáková 1978). the sequence of tooth 
format ion and eruption (Ubekaler 1978) and the ossifica-
tion of the epihyses based on X-ray examination (Schinz et 
al 1952). The age determination of adults was based on the 
method of Nemeskéri et al. (1960). 
Sex determination of the skeletons was carried out on the 
A c c e p t e d J an 29 . 2 0 0 4 
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basis of 24 metric and non-metric morphological character-
istics of the skull and post-cranial bones showing sexual dif-
ferences. which was possible only in case of adult and some 
juveni le individuals (Ery et al. 1963). Anatomic variations 
were detected in a large number of cases (827), while further 
868 cases of other pathological lesions were observed (often 
several different kinds in one individual). The above shows 
the finds' anthropological importance. During the paleopatho-
logical analysis the sternal length and its possible alterations 
were measured in millimetres. In case of sternums of irregular 
shape, the angular deviation was recorded, the angle between 
the two distal parts was measured. 
Anthropo log ica l data 
3782 individuals' skeletal remains were found in 2646 graves; 
more than one individual was found in 444 graves. A consid-
erable part of skeletons (1510 cases. 39.9%) belongs to the 
Infantia I and II categories, while the Juvenis age category 
includes 153 skeletons (4.05 %). A m o n g skeletal remains 
of adults (>21 years of age: Adultus. Maturus and Senium 
categories) 1342 males (35.48%) were determined, while in 
39 
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Figure 1. B i fu rca t ion of t h e x ipho id p rocess (g rave 2114, Mat . , ma le ) . 
719 cases characteristics of females can be seen. During the 
excavation, as a result of the careful rescue, the remains of 
39 foetuses were rescued (included in the Infantia category). 
Unfortunately, in case of 123 (3.18%) skeletons, neither the 
sex. nor the age at death was determinable. 
Results 
Developmenta l a lterat ions 
Anomalies were detected in 40 breast-bones, among which 
the co-existence of two alterations can be seen in only two 
cases, in the rest of cases only one lesion was observed. In 
Figure 2. Sternum bi f idum (grave 1774, adult , male) . 
four cases the change of the xiphoid process was found, in 
one of them the two branches of the splitted process were 
at right angles. In two further cases the distal two-third of 
the breastbone showed a V-shaped bifurcation, the branches 
closed at an angle of 35 and 60 degrees, respectively (Fig. 
1). Sternum bitidum was determined in live cases (Fig. 2). 
Synchondrosis sternii < incomplete ossification of the sternum I 
was recorded in 7 cases. Other anomalies in the shape of the 
sternum (wedge-shaped or asymmetrical bone) were found 
in two cases (Table I). 
The large number of sternum gallinaceum cases must be 
noted. The anomaly both occured in small children (Infantia 
T a b l e 1 . D e v e l o p m e n t a l a n o m a l i e s of t h e s t e r n u m a t t h e f i n d s f r o m B a t m o n o s t o r . 
Grave No. Age at death Sex Grave No. Age at death Sex 
Fenestratio Synchondrosis 
814 Juv. male 182 Mat. female 
1107 Sen. male 259 Mat. female 
1456 Sen. male 355 Mat. female 
1740 Mat. female 747 Mat. female 
1992 Ad female 1278 Ad-Mat . male 
2126. Sen. male 1383 Mat. male 
2148 Juv. ? 2431 Mat. male 
2382 Ad. male Sternum bifidum 
2551. Mat-Sen. female 1278 Ad.-Mat male 
2557 Mat.-Sen. male 1774 adult male 
B/XXIII ? ? 1814 Ad. male 
Anomalies of the xiphoid process 2518 Mat. male 
767 Ad. male 2567 Inf. II ? 
1217 Ad. male Other morphological anomalies 
1941 Mat. male 898 Mat. female 
2114 Mat male 137/b ? f 
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Other pathological anomalies 
Other pathological anomalies were detected on 13 sternums. 
Osteomyelitis of the sternum in two cases, periostitis in four 
cases was recorded. Three sternums were broken, all partially 
ossified. Twocases of purulent arthritis of the sternoclavicular 
joint were observed, which went together with the fracture 
of the clavicle and osteomyelitis. On two sternums traces of 
porotic hyperostosis can be seen. (Table 3). 
Discussion 
The body of the sternum and the xiphoid process are origi-
nally formed of cartilaginous tissue, the fusion and ossifica-
tion of the bone becomes complete in postnatal life. Sternum 
fenestratum indicates abnormal ossification (Ashley 1956). 
Perforated sternum is (he most common abnormality 
(Tóth et al. 2(K)1). but bears no pathological significance. The 
mechanism of the formation of pectus gallinaceum is not yet 
understood. In such cases the length and shape of the ribs 
are affected. Pectus gallinaceum often occurs with serious 
curvature of the spine (kyphoscoliosis), though we did not 
find any such cases. 
Although we seldom had the opportunity to examine all 
the bones of the chest, it is supposed that there was no major 
chest deformity in this sample. Most individuals suffering 
from pectus gallinaceum were adults at death (Adultus or 
Table 2. T h e occu rence o f pectus g a l l i n a c e u m . 
Qrave №. Aae at death ¿ex Angle of deviation Sternal length (mm) Other pathological alterations 
767 Ad. male 30° Anomaly of xiphoid process 
858 adult male 46° 80 
1028 ? ? 38° 130 
1107 Sen. male 30" 140 
1383 Mat. male 10° 130 
1414 Mat. female 32° 140 
1473/a Inf.I. ? . 
2125 Mat. female 39° 160 
2264 Ad.-Mat. female 28° 150 
2372 Mat. male 20° 160 
2395/a adult male 12° 170 Hyperostosis porotica 
2567 Inf .11. ? 14° 80 
B IX . ? ? 20° 170 
Table 3. T h e pa tho log i ca l a l t e ra t ions of the s t e rnum. 
Grave No. Age at death Sex Symptoms 
1435 Inf .1. ? Osteomyelitis pur.sterni 
2607 Sen. male Ostitis et periostitis sterni 
2148 Juv. ? Fractura sterni 
2330 Ad. male Fractura sterni 
1440 Mat. male Fractura sterni 
747 Mat-Sen. female Periostitis sterni 
1278 Ad.-Mat. male Periostitis sterni 
1480/a Ad.-Mat. male Periostitis sterni 
2645 Sen. male Periostitis sterni 
1134/a Mat. male Arthritis pur.sternodav. 
1305 Sen. male Arthritis pur sternodav 
814 Juv. male Hyperostosis porotica 
2395la adult male Hyperostosis porotica 
Figure 3 . Pectus ga l l inaceum (grave 1414, Mat. , female) . 
I) and old individuals, mostly affected males (as all other 
anomalies). The deviation ranged from 10 degrees to 46. 
(Table 2. Fig. 3). 
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Maturus age categories), but we found some elderly persons 
(Senilis) as well. There seems to be male predominance in all 
congenital pathological cases. Sex could not be determined in 
6 cases, taking into consideration the rest, male-female ratio is 
2.4:1. The result must necessarily seen in the light that there 
were twice as many men than women in the sample. We can 
therefore say that congenital anomalies of the sternum are 
not sex-dependent. 
Other pathological lesions (fracture, osteomyelitis, peri-
ostitis) also affected mostly males. Fractura sternii and os-
teomyelitis may prove fatal, but there is no evidence of that 
in our sample. Most pathological anomalies of the sternum 
we found were congenital, fractures and inflammations were 
quite rare. 
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ABSTRACT This study presents the frequency of enthesopathies in the osteological material 
of a medieval cemetery. The development of the phenomenon is explained as a result of the 
exerting way of living. The bony outgrows appear in the patellae and the calcanei the most 
frequently, and twice as much males are involved than females. The appearence of the lesions 
may be single, but in some cases multiple changes may also be seen on a skeleton. 
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Enthesopathy (synonyms: insertion tendinopathy. hyperosto-
sis circumscripta, insertion osteopathy) is a bony alteration at 
the site of tendon and muscle insertions, the area known as 
enthesis. Enthesopathy develops as an adaptation to repeated 
traumatic effects or increased burden. The burden-dependent 
adaptat ion develops slowly. The symptoms depend on the 
range of burden, and if the burden stops, the alterations may 
regress. On the basis of our previous investigations (Józsa and 
Kannus 1997; Józsa and Pap 1997). comparing the normal 
and enthesopathic bony areas, there is no dif ference in the 
structure of the cortical and spongious parts. 
The frequency of enthesopathy is 2-4% in recent popu-
lations. The lesions appear mainly at sportsmen, e.g. long-
dis tance runners , walkers , ski-runners (Smart et al. 1980: 
Józsa et al. 1989: Porter et al. 1995). Contrary to this fact, 
enthesopathy could be recognized more frequently in osteo-
archeological samples , where its incidence may reach 50% 
in certain populations (Dutour 1986). The development and 
localisation of enthesopathy may inform us about the way of 
life and the activities of the examined population. Alterations 
in the upper limbs may refer lo physical labour of the trunk 
(e.g. smiths , fishermen or oarsmen), while the changes of 
the lower l imbs and girdle may develop in walkers, runners 
and certain agricultural workers. As a curiosity. Rosenthal 
(1965) and His ( 1 8 9 5 ) observed some a l t e ra t ions in the 
skeletal remains of Johann Sebastian Bach: well-developed 
enthesopathies can be seen in the hip-bones, the femora and 
the tibiae's posterior surface of the composer. In the opinion 
of Geyrot (2000). these changes were caused by exhausting 
movements ; these lesions called to „organ-player disease" 
by Rosenthal. In addition, similar alterations could be seen 
in ihe X-ray p ic tures of Giinther Raminn (he was a lso a 
Accep ted J u n e 4 . 2 0 0 4 
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choir-master at the Thomas Church between 1940 and 1956) 
as a result of the overburden of leg movement during organ 
playing (Geyrot 2000). 
Enthesopathy can develop in any age category: we have 
described it in a 12-year-old individual (Józsa et al. 1991)-
but it's f requency is higher in skeletons belonging to adult 
individuals. 
In contrast to present populations, the individuals of Medi-
eval Age walked more, their everyday life was not facilitated 
by engines, so the higher incidence of enthesopathies is not 
surprising. The well-preserved osteological series of Bát-
monostor-Pusztafalu seemed to be well suited for the exami-
nation of the populat ion 's lifestyle from this point of view. 
Materials and Methods 
Bátmonostor-Pusztafalu, which is the largest medieval cem-
etery in Hungary, is situated in the Great Hungarian Plain. 15 
km southward from Baja. As a result of the first excavation 
carried out by Mihály Kőhegyi in 1966. 103 graves were dug 
out. Later, during the second session of the excavation, made 
by Piroska Biczó resulted further 2543 graves. 
The total number of individuals found in graves and re-
duction areas is 3783: among them 1510 skeletons belong to 
ihe infantia I and infantia II age categories. The number of 
juvenis individuals is 153. while the number of adult males 
is 1342. which is almost twice the number of adult female 
skeletons (719). In 123 cases neither the sex nor the precise 
age at death could be determined. 
Our sample for analysis constituted 864 well-preserved 
skeletons showing pathological lesions. 
The sex and age at death were determined by classical 
physical anthropological methods (Nemeskéri et al. I960: Éry 
et al. 1963: Slrouhal and Hanaková 1978; Ubelaker 1978). 
S y m p t o m s of e n t h e s o p a t h y are obse rvab le easily, as 
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Figure 1. Bony o u t g r o w t h s o n t h e p o s t e r i o r s u r f a c e of b o t h c a l c a n e u s a t t h e s i te of t e n d o c a l c a n e u s (Achilles t e n d o n ; g r a v e XXXVII). 
they could be seen macroscopically. The attached bones, the 
localisation and the degree of enthesopathic lesions were 
estimated by two examiners. In some interesting or particular 
cases. X-ray pictures were also taken. 
Results 
Entesopathy was not observable in infants' skeletal remains, 
and it was seen in only one juvenile individual. The frequency 
increased among the adultus age category, and the lesions 
were particularly frequent in indiv iduals aged 41-60 years. 
The fact that advanced age individuals ' skeletons are also 
involved refers to hard and permanent activity in older age. 
The sex distribution of the 267 cases found in the sample 
showed strong male predominance, as only 54 cases occurred 
in female skeletons (20.2%). 
Concerning localisation, the lesions occurred in calcanei 
the most frequently (238 cases; Fig. I), the alterations in the 
patellas could be seen more rarely: 3 unilateral and 18 bilat-
eral cases were found (Fig. 2). In six male skeletons the bony 
outgrows of the two sites appeared together. In another case 
the calcaneus and the ischial tuberosity were also affected. 
The lesions appeared in the tibia and in the femur together, 
in 3 skeletons the femoral changes could be seen mainly on 
the posterior surface. In another two cases, joint appcarence 
of enthesopathies were observed. In the first case the femoral 
shaft and the ischial tuberosity, while in the second case, the 
Figure 2. Bi la tera l e n t h e s o p a t h y of ca l cane i (g rave 2126). 
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Table 1. Localisation, sex and age distribution of enthesopathies 
in the series of Bátmonostor-Pusztafalu. 
Localisation Age category Male Female Total 
Calcaneus l.d. Adultus 3 2 5 
Maturus 15 2 17 
Senium 11 . 11 
? - 9 
Calcaneus l.s. Juvenis 1 . 1 
Adultus 5 2 7 
Maturus 11 5 16 
Senium 5 4 9 
? 4 . 4 
Calcaneus l. .u. Adultus 21 2 23 
Maturus 50 15 65 
Senium 33 17 50 
? 21 . 21 
Patel la l.d. Maturus 2 - 2 
Senium 1 1 
Patel la l.u. Adultus 2 - 2 
Maturus 12 12 
Senium 1 3 4 
Humerus l.d. Maturus 1 . 1 
Senium 1 1 
Femur l.d Maturus 1 1 
Senium 1 - 1 
Radius l.d. Senium 1 1 
Radius l. u. Maturus 1 - 1 
Senium 1 - 1 
Ulna l.u. Maturus 1 - 1 
Total 213 54 267 
femur and the radius were affected. Humeral lesions related 
to enthesopathy could be seen in two cases, in one of them 
(grave 2249). the alteration was seen in the sulcus tendinis 
longi muscul i b ic ipi t is brachii. In a complex case (grave 
1799) . the femori , the tibiae, the radii and the ulnae were 
affected. 
Some of the authors interprete the symptoms of the DISH 
(Forestier 's disease) as enthesopathy. but in our opinion the 
d i f fuse diopathic skeletal hyperostosis is a separate disease. 
So. the eight DISH cases found in the series w ill be published 
later. 
Conclusions 
The scientific study of osseous alterations produced by ha-
bitual patterns of activity is an important approach to get new 
information on the examined population. The results of our 
investigation correspond to earlier studies found in paleo-
pathological literature: the alterations appear more frequently 
among adults, and they could also be seen in advanced age 
skeletal remains. More males than females were affected, this 
fact refers to the difference between the two sexes: males had 
harder activity. Concerning localisation, the most common 
sites were the calcanei and the patellae. 
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Among the significant recent advances in understanding the 
ecology of anaerobic biodégradation of organic wastes is the 
recogni t ion of the c lose syntropic relat ionship among the 
three distinct microbe populations and the importance of H2 
in process control . (Dolf ing et al. 1992: Shi-yi et al. 1992; 
Shima et al. 2002) The regulatory roles of hydrogen levels and 
interspecies hydrogen transfer optimize the concerted action 
of the entire population. The concentration of either acetate 
or hydrogen, or both together, can be reduced sufficiently 
to provide a favorable free-energy change for proportionate 
oxidation. 
During anaerobic biodégradation hydrogen concentration 
is reduced to a much lower level than that of acetate. In addi-
tion. the hydrogen partial pressure can change rapidly, varying 
by an order of magnitude or more within a few minutes. This 
is related to its rapid turnover rate. The energy available to 
the acetate-using methanogens is independent of hydrogen 
partial pressure, whereas that of the hydrogen-producing and 
hydrogen-consuming species is very much a function of it. 
We have shown that under these circumstances addition 
of hydrogen producers to the system and thereby shifting the 
population balance brings about advantageous effects for the 
entire methanogenic cascade (Kovács et al. 1987). The de-
composit ion rate of the organic substrate increases and both 
the acetogenic and methanogenic activities are remarkably 
amplified. In laboratory experiments some 2.6-fold intensifi-
cation of biogas productivity has been routinely observed and 
the same results were obtained in scale-up experiments. 
Proper managemen t of the bacterial populat ion is ex-
pected to facilitate the start-up of the fermentation. In order 
to reduce the costs of this treatment supplemented bacteria 
are grown in diluted industrial wastewater. 
In contrast to the commonly used factor of 0.6-0.8 that 
is used to est imate biogas yields, the integrated technology, 
using intensified microbiological b iomass decomposi t ion , 
should yield a two-three fold increase when using 15% solid 
content biomass . The integrated technology uses sugar ac-
cumulat ing energy plants (e.g.. sweet sorghum. Jerusalem 
artichoke) to increase the biodegradable biomass density. 
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During iheir l ife cycle plants are daily exposed to adverse 
envi ronmenta l impacts , since light, t empera ture or water 
condit ions are often far from optimal. Various stress condi-
tions affect a number of metabolic functions in plants through 
the generation of reactive oxygen species (ROS). Under field 
conditions, plants are of ten exposed to high PAR irradiances 
as well as to ultraviolet (UV) radiation. The solar radiation 
reaching the Earth 's surface is divided into UV-B (280-320 
nm), UV-A (320-400 nm) and visible (PAR: 400-700 nm) 
radiation, the latter one being used for photosynthes is by 
the vegetation. ROS induction is known to be the early plant 
response to UV exposure . Previous s tud ies showed , that 
high levels of UV-B radiation induce lipid peroxidation and 
oxidative membrane damage (Cen el al. 1994: Takeuchi el 
al. I995). In isolated thylakoid membranes UV-B exposure 
triggered hydroxy! radical generation, but the presence of 
carbon centred (methyl-like), and peroxyl radicals were also 
reported ( H i d e g e t a l . 1996: Hideg et al. 1999). Singlet oxy-
gen was not found in the same preparation. The difference 
in the action site of UV-A and UV-B in photosynthesis has 
been intensely discussed, attributing smaller damaging effect 
to the UV-A irradiation, than to the UV-B (Turcsanyi et al. 
2000: Flint et al. 2003). 
Since the ROS generating abilities of various UV energies 
have not been compared yet. our goal was to study the nature 
of ROS involved in the stress by both UV-A and UV-B radia-
tion in vivo, in leaves. 
In order lo understand the physiological functions of ROS 
generated under oxidative stress by UV radiation, their direct 
measurement in leaves is of special importance. Therefore, 
the short-lived ROS were detected by fluorescent sensors: 
the fluorescence of the sensors decreased upon their reaction 
with ROS. Spinach leaves were infiltrated with ei ther the 
singlet oxygen sensitive DanePy or with the singlel oxygen 
and superoxide reactive HO-1889NH. then exposed to 2x 10" 
pho tons of q u a s i - m o n o c h r o m a t i c (±8 nm around central 
wavelength) UV radiation in the 280-390 nm range, corre-
sponding to 18-36 pmol m - s '. The effect of UV radiation on 
the photosynthesis of various leaves was estimated from the 
relative decrease in their variable chlorophyll fluorescence. 
We have found, thai reactive oxygen production in leaves 
exposed lo UV radiation was heterogeneous. Superoxide pro-
duction was characteristic to the UV-B wavelength region but 
not to UV-A. The correlation between the UV-induced super-
oxide production and photosynthetic activity decrease of the 
leaves indicated, that the superoxide yielding primary reac-
tion is localized in the chloroplasts, possibly in the thylakoid 
membranes . Singlel oxygen evolution was a characterist ic 
UV-A induced physiological response, which we identified 
in plants for the first time. Ii was typical for irradiation by 
340-390 nm. however its source is probably not localized in-
side ihe chloroplasts. since no correlation was found between 
the damage of Ihe photosynthetic apparatus and the singlet 
oxygen production (Barta et al. 2004). 
In summary, we have shown, lhat UV stress is a complex 
oxidative stress, inducing the production of various reactive 
oxygen species in plants. 
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The Fabaceae. better known as the legume family, is the sec-
ond most important family of crop plants. From agronomical 
point of view, legume crops are valuable source of vegetable 
protein for humans and livestock, and as green manure in the 
field. It is mostly due to the special capacity of legumes to 
form symbiotic relationship with nitrogen-fixing bacteria. 
Medicago truncatula (M.i.) species is an important model 
system for legume molecular biology, which is closely related 
with alfalfa (Medicago saliva. M.S.). There is a multilateral 
international Med icago Genome project that encompasses 
four general categories of activities: cDNA sequencing and 
hybr id iza t ion ar rays fo r gene-express ion studies, knock-
out mutant col lect ions and categorizing plant phenotypes , 
structural genomics with a goal of reconciling physical and 
genetic maps, and comparative and evolutionary analysis of 
gene families or genomes. 
Our work is closely related to the last two activities of 
the genome program. A detailed genetic map of the diploid 
M.s. has been constructed by our laboratory (Kalo et al. 2000. 
Kiss et al. 1993). Based on the expertise of our lab in genetic 
mapping, one of our aims was to develop an improved genetic 
map for a M. I. RIL (Recombinant Inbred Line) population in 
cooperation with a French laboratory. The second aim was to 
compare the genetic maps of the M. i. and alfalfa. The indi-
viduals of the RIL population are the seventh generation of 
the cross between Jemalong 6 and DZA 315 lines (Thoquet 
et al. 2002). Other two M. i. populations, resulted from the 
cross of Al7xA2( ) (D. Cook ' s laboratory) and J6xDZA (T. 
Huguet 's group), were also used for the comparative mapping 
analysis. 
PCR based markers were used for mapping. Gene-spe-
cific pr imers were des igned by intron targeting method or 
single sequence repeats were taken into consideration. The 
genotypes of the individuals in the mapp ing popula t ions 
were d e t e r m i n e d a f t e r a g a r o s e gel e l e c t r o p h o r e s i s f o r 
those markers that showed either length polymorphism or 
dominant inheritance. The non polymorphic PCR fragments 
in agarose gels were subjected for further analysis to detect 
po lymorph i sm: ei ther S S C P exper iments were per formed 
or the sequence of the amplified products were determined 
for d i f ferent alleles. Based on the sequence in fo rmat ion , 
res t r ic t ion e n z y m e d iges t ion ( C A P S ) was p e r f o r m e d to 
identify polymorphism, where it was possible.The genotypes 
of the individuals of the RIL population were determined for 
250 genetic markers. Newly and previously mapped RFLP 
and PCR based markers corresponding to genes with known 
functions or sequences were used for the comparison. The 
comparative analysis of linkage maps revealed high level of 
correlation of the marker order between the two Medicago 
species. Only a few differences in the marker position and 
allele numbers were detected between the maps. The results 
of this syntenic analysis allow us to create an integrated Medi-
cago map and to use the mapping data mutually for further 
genetic experiments. 
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Analysis of Y-chromosomal microsatellites on 
archaeological and modern samples 
B e r n a d e t t Csányi 
Institute of Genetics, Biological Research Center, Hungarian Academy of Sciences, Szeged, Hungary 
The special properties of the Y chromosome, which include 
haploidy. paternal inheritance and absence of recombination 
through most of its length (95%), make this chromosome a 
powerful tool for tracing and comparing paternal lineages of 
human populations. 
Among its markers microsatellites or short tandem repeat 
loci (STR) are marked by tandemly repeated sequences of 
2-5 bp. The specific number of repeats (or allele) is the same 
in men who belong to the same paternal lineage and usually 
remains unchanged from generation to generation but changes 
sometimes occur and the number of repeats may increase or 
decrease by one unit (Kimura and Ohta I978). 
Y-chromosomal STRs show sufficient variability among 
individuals in a population and high degree of geographical 
differentiat ion (Jobling and Tyler-Smith 1995). Thus , their 
polymorphic character makes them especially suited for fo-
rensic. genealogical and population genetic studies (Schultes 
e t a l . 1999). 
According to these features 4 microsatellite markers were 
selected for reconstruct ion of paternal l ineages of ancient 
Hungarians , or iginated f rom IOth century. These markers 
have s imple s tructures, they are highly variable and short 
in length which qualif ies them as an investigate tool in the 
s tudy of anc ien t DNA (aDNA) . Due to degrada t ion and 
low amounts of aDNA the first attempts were unsuccessful . 
Therefore several methods have been introduced to enhance 
the efficiency of our analyses. We tried to repair the highly 
fragmented and heavily damaged aDNA with different en-
zymes (Bernardo et al. 2002) and to increase the amount of 
aDNA with random primers (Zhang et al. 1992). These trials 
supported the notion that the bones did not preserve any am-
plifiable Y-chromosomal DNA or our detection system does 
not have enough sensitivity. 
Then the examinat ions were continued on a fully auto-
mated. highly accurate and very sensitive system (Automated 
Laser Fluorescent DNA Sequencer). Its function relies on the 
detection of laser-induced fluorescence of the carbocyanine 
dye (Cy5) with which the DNA fragments are labelled. Us-
ing appropriate internal molecular size markers it can detect 
as small as one basepair difference. So it appeared to be a 
Supervisor : György Pósfai 
E-mai l : f c h e r t @ n u c l e u s . s z b k . u - s z e g e d . h u 
good system to investigate Y-chromosomal length polymor-
phisms. 
This method proved to be successful. In the case of 3 an-
cient bone samples Y-chromosomal STR markers have been 
revealed. Among the 4 selected markers we could examine 2 
STRs, which yield amplification products in shorter ranges 
(108-140 bp and 147-179 bp). The markers, which character-
ize the human remains, occur mainly in the Asian continent 
in our Y chromosome STR database, but they can be found 
in European populations also. 
T h e Y-ch romosoma l DNA ana lys i s was e x t e n d e d to 
modern Hungarians and Szeklers too. We have data from 137 
Hungarian and 115 Szekler men. 
Comparing the allele frequency distributions of these two 
modern populations f o r 4 STR markers it was established that 
there is no significant genetic difference between the modern 
Hungarian and Szekler men and they contain Asian genetic 
elements beside the European ones. The statistical evaluation 
of the results confirmed the small genetic distances between 
H u n g a r i a n s . S z e k l e r s and A l b a n i a n . G r e e k . R o m a n i a n , 
Bulgarian. Bulgarian-Turkish. Turkish. Es tonian. Iranian, 
Syrian. German. Austrian and Italian populations, while both 
modern ethnic groups differ significantly from Portuguese. 
Spanish. British. Basque. Finnish. Lithuanian and Japanese 
populations. 
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Isolation and characterization of redlip, a novel circadian 
clock mutant in Arabidopsis 
Ba làzs Fehé r 
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Many physiological and biochemical p rocesses in plants 
exhibit endogenous rhythms with a period of about 24 hours. 
These rhythms are generated and maintained by an internal 
timing mechanism, the circadian clock, which enables plants 
to anticipate the forthcoming rhythmic changes in the envi-
ronment and to temporally coordinate their internal processes. 
In model organisms, such as Neurospora, Drosophila, mice 
and cyanobacteria. several key components of the circadian 
clock have been identified and their funct ions in the clock 
mechanism have been well described. In plants, however, only 
few elements of the central oscillator have been characterized 
and little is known about their functional interactions. 
In order to learn more about the molecular structure and 
function of the circadian clock in Arabidopsis. a lucifera.se 
imaging-based mutant screen (Millar et al. 1992) has been 
carried out and several mutants showing aberrant rhythmic 
expression of the C A B gene (coding for the chlorophyll a/b-
binding protein) have been identified. As a result of this screen 
we have identified several previously described clock genes: 
11 allels of zeitlupe (ZTL). an early flowering 3 (ELF3). a tim-
ing of C A B (TOC) and a completely new mutation, red light 
insensitive period (redlip), that shortens the period length of 
C A B expression under constant darkness (DD) and constant 
light (LL). All other clock-controlled processes examined, 
including the expression of the cold-circadian rhythm-RNA-
binding 2 (CCR2) gene (Carpenter et al. 1994) and the rhythm 
of leaf movement , showed similar period shortening under 
free-running conditions. To investigate which part of the cir-
cadian system is affected by the mutation, fluence rate curves 
(FRCs; Covington et al. 200I ) have been created by determin-
ing the effect of different light intensities on period length. 
In contrast to wild type, the free running period length in the 
mutant does not change significantly under varying red light 
intensities, suggest ing a role for RE DLIP in the regulation 
of the light sensitivity of the central oscillator. To determine 
whether REDLIP ' s action is phase dependent , we examined 
clock resetting by using light pulses and constructed phase 
response curves (PRCs : Covington et al. 2001). Mutation 
causes a significant alteration of the phase response curve end 
of the subjective day and early phase of the subjective night, 
suggesting that REDL IP has important role in light input to 
the clock during this time. The mutation is mapped to a re-
gion of chromosome 5 where already known clock genes are 
localized. However, comparative sequencing of the already 
known clock genes revealed that they are unchanged in the 
mutant, which means that REDLIP is a novel component of 
the Arabidopsis circadian clock. 
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Construction and characterization of a multi-deletional 
Escherichia coli strain 
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In ihe past decade, among the first genomes to be sequenced 
were those of Escherichia coli K - I 2 and E. coli O l 5 7 : H 7 . 
Comparison of the data revealed that approximately 70% of 
their genomes are highly conserved. This is called the back-
bone sequence, which is interrupted by many strain-specific 
islands (Perna et al. 2001). Our group 's goal was to delete as 
many strain-specific islands in the K-12 strain as possible, 
for two main reasons: as a basic scientific research goal, we 
wanted to see how far we can go with the deletions without 
impair ing the viability of the bacter ium under laboratory 
conditions. Second, we wished to develop a strain that is more 
useful for DNA-cloning experiments or other biotechnologi-
cal purposes. Our deletion method is based on a /.-Red type 
recombination of a PCR-generated linear DNA fragment into 
the genome, followed by a specific double stranded break-
induced intramolecular recombinat ion event. The deletion 
process leaves no extrachromosomal sequences behind, and 
can be repeated in the same cell in an unl imi ted number 
(Kolisnychenko et al. 2002). 
So far we have accumula ted 42 de le t ions in the K-12 
strain. A m o n g the dele ted sequences were all the mobile 
genetic e lements (IS elements, prophages. Rhs sequences), 
some d a m a g e d genes, putative vi rulence genes and many 
g e n e s of u n k n o w n func t ion . T h e D N A - m i c r o a r r a y tests 
made with the multi-deletional strain showed that, although 
all known IS's were removed, further IS elements were pres-
ent in the genome. We located three IS I 's . one IS2 and one 
IS5 using inverse PCR. and deleted all five extra insertional 
sequences. 
We compared the growth rates of wild type and multi-
deletional strains, and found them to be equal in minimal 
m e d i u m , with the lat ter g rowing s l ight ly s lower in rich 
medium. The multi-deletional strain showed elevated elec-
troporation efficiencies in the case of 100 kbp-large BACs, 
but showed no elevation in the efficiency of small plasmid-
electroporation. We compared the mutation rates of the two 
strains by measuring the inactivation frequencies of the cycA 
gene during growth, and the activation frequency of the bgl 
operon in the absence of growth. Our experiments showed 
that the inactivation of the cycA gene in the wild type strain 
is caused by IS element-insertions in 20-25% of the cases. 
We measured the overall inactivation frequency of this gene 
in the multi-deletional strain to be 20-25% lower than in the 
wild type. The dif ference among the two strains can thus 
be explained by the deletion of IS elements . Also, the bgl 
operon is activated in wild type in 90% of the cases by IS 
element-insertions into the regulatory region of the operon. 
The multi-deletional strain has a 90% lower overall activation 
frequency of this operon. which can also be explained by the 
lack of IS elements. 
The results listed above demonstrate that, by careful plan-
ning. 14.1% of the genome of E. coli can be deleted w ithout 
impairing the viability of the bacterial cell. Moreover, our 
work resulted in a strain that, due to its elevated electropora-
tion efficiency and lower mutation rate, is advantageous for 
experiments involving téhe cloning of DNA fragments . 
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Genetic analysis of a Medicago truncatula mutation 
causing variegated leaf phenotype 
Ka ta l i n K o n t á r 
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In plants, as in animals , normal cellular differentiat ion de-
pends on coordinated interactions between the nuclear and 
organellar genomes. A genetic dissection of plant variegation 
mutants is a powerful means to gain insight into these poorly 
understood interactions. 
The leaves of the variegation mutant p lants typical ly 
have green and white sectors. Whereas the cells in the green 
sectors contain normal chloroplasts , the cells in the white 
sectors have plastids that lack chlorophyll and/or carotenoid 
pigments. This indicates that these cells are perturbed in the 
nuclear-chloroplast communication that is manifested in pig-
ment-deficient plastids (Wetzel et al. 1994). 
A c o m m o n mechanism of variegation is the induction 
of defect ive chloroplas ts by mutation in nuclear genes for 
organel le proteins. This is somet imes due to t ransposable 
element activity, in which case the green and white cells have 
different genotypes. In other cases, the two types of cells have 
the same (mutant) genotype, indicating that the gene defined 
by the mutation codes for a product that is required for or-
ganelle biogenesis in some, but not all. cells of the mutant 
(Aluru et al. 2(K)l). 
The Medicago inmcaiida IM.i.) variegated mutant, identi-
fied in our group, has green and white stripes on its leaves. 
The mutant individual has other morphological differences 
compared to the wild type as well: they are usually dwarf and 
have small and narrow leaves the arrangement of leaves also 
differs. In some cases revertant lateral shoots with full-green 
leaves appear on mutant plants. Our aim is to identify the 
mutant gene by map-based cloning. For genetic mapping we 
constructed an F2 segregating population. In this population 
36 individuals out of 148 have the variegated phenotype. 
Based on the segregat ion ratio the mutat ion resulted in a 
recessive allele of a nuclear gene. 
We determined the position of the mutant gene on the 
genetic map of M.t.. which consists of eight linkage groups 
(LG). We chose two to three microsatellite markers from each 
LG to seek for molecular marker showing linkage with the 
mutant gene. The genotypes of the mutant plants were deter-
mined for these markers and analyzed by color-map (Kiss et 
al. 1998). This resulted in the identification of a microsatellite 
marker closely linked to the mutation on the LG2. 
Having this result we determined the genotype of more 
length-polymorphic and C A P S markers on the LG2 in the 
population segregating the mutation to assign more precise 
position of the mutation. Our aim was to determine two bor-
dering molecular markers with which we could identify BAC 
clones for chromosome-walking. 
We identified a gene-specific marker showing tight link-
age to the mutation with no recombination detected in the 
mapping populat ion. Based on available sequence data of 
M.i. we could identify the BAC clone that carries this gene-
specific marker at one end of the clone. A new SSR marker 
was generated at the other end of the BAC clone (in 115 kbp 
distance), which also did not show recombination with the 
mutation. 
Using different homology searches we found that this 
M.i. BAC clone carries a 2500 bp long sequence (between 
the two BAC-end markers), which is highly homologue to the 
Arabidopsis thaliana IMMUTANS gene. Based on published 
data it is known that a mutation in that gene also leads to 
variegated phenotype. Further experiments are in progress to 
determine whether the M.i. ortholog of the IMMUTANS gene 
was mutated in our variegated mutant. 
References 
Aluru M R . Bae H. W u D. R o d e r m e l SR (2(X)I) T h e Arabidopsis immulans 
mulat ion a f fec t s plast id d i f fe ren t ia t ion and the m o r p h o g e n e s i s of whi te 
and green sec tors in var iegated plants . Plant Phys 127:67-77. 
Kiss G B . Keres / t A. Kiss P. Endre G (1998) Co lonnapp ing : a non-mathemat i -
cal p rocedure for gene t ic mapp ing . Acta Biol Hun 4 9 : 1 2 5 - 1 4 2 . 
Wet /e l C M . J iang C Z . Meehan U . Voytas DF. R o d e r m e l SR (1994) Nuclear-
organel le in teract ions: the immuums var iegat ion mutant o f Arabidopsis 
is plast id a u t o n o m o u s and impa i red in c a r o t e n o i d b iosyn thes i s . Plant 
J 6 :161-175 . 
Superv i so r : Gabr i e l l a Endre 
E-mai l : kontark(? 'brc .hu 
59 

Volume 48(1-4):61, 2004 
Acta Biologica Szegediensis 
http://www.sci.u-szeged.hu/ABS 
DISSERTATION S U M M A R Y 
Analysis of the mitochondrial genome of the human 
pathogenic yeast Cryptococcus neoformans 
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Cryptococcus neoformans is an encapsulated basidiomyce-
tous yeast. This opportunistic pathogen primarily infects im-
munosuppressed and immunodeficient patients. The disease 
is most frequently manifested as meningitis . 
Well functioning respiratory system assured by well func-
tioning mitochondria is one of the most important factors of 
the yeast ' s successful survival in the body. To date only a few 
data are available about the organization of the mitochondrial 
genome of basidiomycetous fungi. Varma and Kwon-Chung 
(1989) have demonstra ted extensive polymorphism among 
the strains of Cryptococcus neoformans regardless of their 
serotype or varietal status by analysis of restriction fragment 
length polymorphisms (RFLP) in mitochondrial DNA. 
The aim of the present work was the characterization of 
the structure and organization of the mitochondrial genome 
in C. neoformans var. grubii IFO 4 1 0 ( se ro type A) and 
C. neoformans var. neoformans a IFM 5844 (serotype D) 
strains. Physical and funct ional maps were constucted by 
£cr;RI and EcoRV restriction enzymes using a reciprocal 
digestion technique ( H a m a d et al. 1999). Several genes could 
be localised to some fragments by Southern hybridizations 
using heterologous Aspergillus nidulans primers working on 
Cryptococcus hungaricus (Gacser et al. 2002). Additional 
genes were localised by cloning the majority of EcrfRI and 
EcoRV fragments into pSK vector, and sequencing. 
The correct order of several mitochondrial genes impor-
tant in the respiration (nadi .nad2 .nad3, nad4. nad4L. nad5. 
nadb. at ph. atp9. cox 1. cox2, cob) and rns gene important in 
protein synthesis was determined. We did not find any differ-
ences in the order of the genes between the strains. However, 
they di f fered significantly in the s izes of their mt DNAs. 
measuring 32.6 kb and 24.1 kb for C. n. var. neoformans and 
C. n. var. grubii. respectively. 
Comparing the maps it was found that two large regions, 
al together o f 8.5 kb. could give rise to this variance. The 
presence of introns and alteration of the length of intergenic 
regions was investigated in both regions.The greatest differ-
ence was observed in the size and number of introns of cox 1 
and cob genes. The size of cox 1 gene in C. n. var. grubii was 
1587 bp without any introns. while in C. n. var. neoformans 
it was 6004 bp and contained five introns. LAGLI-DADCi 
motifs were found in several introns and there were also dif-
ferences in the rns-atpb. atp6-atp9 and atp9-cox 1 intergenic 
regions between the two strains. 
Primer pairs for c m 3 . ml and nad5 genes were designed 
using the C. neoformans mitochondrial genome database to 
execute detailed compar i son . Using these primers in PC'R 
reactions we found that there were some differences in the 
size of the nad5 and nil genes, too. The PCR products of rnl 
genes were sequenced and concluded the presence of intron 
in C. n. var. neoformans. A 0.2 kb diffrence from the 8.5 kb 
size was revealed. 
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Characterization of the nodulation receptor kinase (NORK) 
protein in Medicago truncatula 
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L e g u m e s are able to es tab l i sh root e n d o s y m b i o s e s with 
rhizobial bacteria and arbuscular mycorrhizal fungi. These 
relationships enable these plants to fix atmospheric nitrogen 
and acqu i re p h o s p h o r u s f rom the soil , respect ively. T h e 
legume-rhizobia relationship begins with a molecular dialog 
in the rhizosphere. Plant exudates (f lavonoids) induce the 
production of the so-called Nod factor (NF) in the bacteria 
(Denarie et al. 1996). NFs induce nodule formation on roots 
and they are the major determinant of host specificity of the 
interaction. Since responses are induced in the plant by N F 
concent ra t ions in a nano- to p icomola r range, it has been 
postulated that NFs are recognized by specific receptor(s). 
Recently, several genes have been identified and characterized 
that are involved in the perception and early signal transduc-
tion of the NF thereby in the nodulation process. 
The nodulat ion receptor kinase {NORK) gene was the 
first symbiotic legume gene isolated via map-based cloning 
from Medicago (Endre et al. 2002). It is predicted to play a 
key role in the NF signal transduction pathway in the plant. 
The gene encodes for a receptor-like kinase that contains a 
unique (NORK extacellular-sequence-hke - NSL) motif and 
three leucine-rich repeats (LRRs) in the extracellular domain, 
a t ransmembrane domain (TM) and an intracellular serine/ 
threonin kinase domain. 
In order to e luc ida te the role of the NORK protein in 
nodulat ion we des igned different chimaer ic and truncated 
NORK constructs to test their activity in transgenic roots with 
mutant background. The transformation exper iments were 
carried out by the Agrobacterium rhizogenes system. The 
plant material used for t ransformation is a NORK mutant, 
non-nodu la t ing Medicago truncatula (Ml) line T R 2 5 . In 
order to assess the effects of transgenes the transgenic roots 
were observed by light microscopy after 3-9. 14,21 days post 
inoculation (dpi) with Sinorhizobium meliloti (Sin) carrying 
a plasmid conta in ing the lacZ gene. For infect ion studies 
the roots were fixed and stained for (5-galactosidase activity 
(Oldroyd and Long 2003). 
In the case of the chimaeric constructs, the extracellular 
domain (NSL + LRR) of the Mi NORK gene was replaced 
with the ext racel lu lar d o m a i n s of o ther l egume spec ies , 
Melilotus albus (Ma) or Vicia liirsuta (Vh), respectively. Both 
constructs complemented the Mi NORK mutant plants, pink, 
nitrogen fixing nodules appeared on the t ransformed roots 
21 dpi with Sin. We could observe the different early plant 
responses (root hair deformations, infection thread and nodule 
primordia formation) normally induced by the bacteria. The 
nodulation process did not show any delay compared to the 
control t ransformed roots. The truncated constructs did not 
contain the NSL domain or the NSL and the LRR domains 
from the extracellular pan. These constructs did not comple-
ment the non-nodulating phenotype of the mutant plants, no 
nodules on the transformed roots were detected. 
Vh is a more distant relative of Mi than Ma, and it has 
another symbiot ic partner. Rhizobium leguminosarum bv. 
viciae, which produces NF with a s tructure different f rom 
that of Sm. From these exper iments we concluded that the 
NORK protein does not take part in the N F binding directly, 
but the whole protein is necessary for the activation of the 
signal transduction pathway. 
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Characterization of the biodégradation patways of 
sulfanilic acid and catechol derviatives in Sphingomonas 
subarctica 
M o n i k a M a g o n y 
Department of Biotechnology, University of Szeged, Szeged, Hungary, and Institute of Biophysics, Biological Research Cen-
ter, Hungarian Academy of Sciences, Szeged, Hungary 
The appearance of man-made chemica ls in the world are 
generally incompatible wilh the life and their natural degra-
dation is very slow or it does not take place at all. Sulfanilic 
acid (or p-amino-benzenesulfonate) , a typical representative 
of aromatic sulfonated amines, is widely used as an important 
intermediate in production of azo-dyes. plant protectives and 
pharmaceuticals. 
So far. efficient decomposit ion of sulfanilic acid has been 
reported for a bacterial consortium consisted of a Hydroge-
nophuga palleronii and an Agrobcicterium radiobacter strain 
(Dangmann et al. 1996). A dioxygenase. capable to oxidize 
sulfocatechuate was characterized f rom both strains (Ham-
mer et al. 1996). but the other components involved in the 
sulfanilic acid degradation are still unknown. 
Recently, a s ingle strain capable to use sulfanil ic acid 
as sole carbon, nitrogen and sulfur source has been isolated 
(Perei et al. 2001). The isolate was identified taxonomically 
as Sphingomonas subarctica. 
Screening the substrate specificity of our strain disclosed 
its capability to completely degrade six analogue aromatic 
compounds: sulfanilic acid, protocatechuate, p-aminobenz.oic 
acid. 4-sulfocatechuate, 4-hydroxybenzoate. 3.5-dihydroxy-
benzoate and oil contaminations. 
S. subarctica seemed to express distinct e n z y m e cas-
cades to utilize these molecules, since alternative enzymes 
were induced in cells grown on various substrates. Similar 
protein patterns were observed in the case of sulfanilic acid 
and sulfocatechol indicating that the latter compound was an 
intermedier in the degradation of sulfanilic acid. 
The sulfanilic acid could only be converted with either 
intact cells or spheroplasts. but the disrupted cells were un-
able to convert sulfanilic acid. Hence, we analyzed proteins 
exclusively expressed in cells grown in the presence of the 
substrates. Two such proteins were sequenced and the corre-
sponding genes were identified. We found a locus containing 
genes encoding aminotransferase type and ring hydroxylat-
ing dioxygenase enzymes, which likely part icipated in the 
conversion of sulfanilic acid to sulfocatechol . Other genes 
encoding proteins possibly involved in the degradat ion of 
aromatics were also found, their functional characterization 
is in progress. 
The product of the first step is su l focatechol , which is 
further oxidized by a ring cleaving dioxygenase. The sulfo-
catechol dioxygenase of S. subarctica was partially purified 
and sequenced by mass spectrometry. On the basis of the 
protein sequence data, a genomic region was isolated, which 
contained genes coding for sulfocatechol dioxygenase (SCD). 
sul fomuconate cycloisomerase (SMC), sulfolactone hydro-
lase (SLH). an oxidoreductase and a permease. 
The S. subarctica cells have two types of protocatechol 
dioxygenase enzymes: type I (PCD) degrades to only pro-
tocatechol . but type II (SCD) degrades both to sulfo- and 
protocatechol. Protocatechol and sulfocatechol pathways are 
overlapped by sulfocatechol dioxygenase. but the next ring 
connecting steps require different cycloisomerase enzymes. 
Finally, three enzymes. SCD. SMC. SLH. were overex-
pressed in E. coli. and ihe pathway of sulfanilic acid degrada-
tion was demostrated by recombinant proteins. 
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Maturation of hydrogenase enzymes in Thiocapsa 
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T. roseopersicina is a purple photosynthetic sulfur bacterium, 
which harbours at least two membrane-bound (HynSL and 
HupSL) and one soluble (HoxEFUYH) [NiFe| hydrogenases 
(Rakhe ly et al . 2004) . The matura t ion of these e n z y m e s 
requi res several accessory proteins , which are involved, 
among others, in metal incorporation, formation of the ac-
tive centre, the proteolytic cleavage of the large subunit. In 
T. roseopersicina only few accessory genes could be found 
downstream f rom the luipSL genes. Using transposon-based 
random mutagenesis six independent hydrogenase minus mu-
tants were isolated, and Southern analysis of these mutants 
indicated that they are scattered along the genome (Fodor et 
al. 2001). 
Molecular analysis of three different mutant strains led to 
the identification of the Orf-s showing similarity to the | HupK 
(HoxV). H y p C I . HypD. HypE], |HypC2. H y n D | proteins of 
various bacteria. The genes are found in two distinct locuses. 
and transposon inserted into the hvpD, hypE and liynD genes 
in the various mutants. The detailed analysis was executed 
to establish the role and the specificity of the InipK. livpC 
liypC, and liynD genes (Maroti et al. 2003). 
The localization of InipK gene is unusual: it is adjacent to 
the liypCr it occured generally with the hup genes. In f rame 
deletion of InipK resulted around 90% loss of the membrane-
bound activities (both Hup and Hyn). although the activity 
of the soluble hydrogenase was almost unaltered. RT-PCR 
experiments showed that the InipK and the liypC/ were on the 
same transcript, although alternative transcripts and promot-
ers could not be excluded. 
The presence of at least two liypC genes in the genome 
was also surprising. None of the HypC proteins seemed to be 
strongly specific for any [NiFe| hydrogenases. The activity 
of each enzyme was affected by the mutation of both liypC 
genes. 
In one hydrogenase mutant strain, the transposon inserted 
into the hynD gene resulting the loss of thermostable but not 
the heat labile hydrogenase activities. Careful ly performed 
activity measurements on various mutants proved that the 
HynD protein being similar to the hydrogenase specific en-
doproteases was responsible for the maturation of the HynSL 
enzyme. 
H o m o l o g o u s c o m p l e m e n t a t i o n s with the appropr ia te 
genes proved the responsibil i ty of these genes for the ob-
served affects. 
An express ion vec tor -sys tem was created in o rder to 
examine the maturation process of the hydrogenases in our 
host organism (Fodorét al. 2004). These vectors are useful for 
protein purification and for studying protein-protein interac-
tions in a range of bacterial species. 
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Demographical studies on the Late Roman Limes between 
Szöny (Brigetio) and Visegrád (Pone Navata) 
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In the cemeter ies along the Limes, front ier of the Roman 
province of Pannónia, soldiers and civilian were buried. Only 
the anthropological analysis of the Late-Roman population 
(4,h—5Ih century) can be ful f i l led because of the differences 
in the funeral habits. The anthropological studies payed little 
attention to this period and area. 
The age determination between 0 - 2 2 years is based on the 
method of Schour-Masslerl I94II. Stloukal-Hanáková (I978). 
Schinz et al. (1952) and Ferembach et al. (1979): above 23 
years, we followed the method of Nemeskéri et al. (I960). Sex 
determination was based 011 the work of Éry et al. (1963). The 
number of newborns was corrected after Coale and Demény 
(1966). The following cemeteries have been examined: To-
kod-Erzsébet Shaft (Éry 1981). Esztergom-Kossuth Street. 
Esz te rgom-Bánom Lane. Visegrád-Diós (Merczi 2001). 
In the cemeteries, the proportion of children, especially 
that of newborns, is very low. After correction of the number 
of newborns, the proportion of children/adults stands near to 
the hypothetical distribution. Within the population above 15 
years of age in Visegrád and Esztergom-Kossuth Street, there 
is a lot more men then women, while in Tokod and in Eszter-
gom-Bánom Lane, the proportion of the sexes is balanced. 
In Visegrád the most men and women died in the adult age 
group, between 3 5 - 3 9 years. Between 15-39 years the mor-
tality of men is higher. In Esz tergom-Bánom Lane, the most 
men died between the age of 45-49 , while the most women 
died between 3 5 - 3 9 years of age. Between 15-29 years, the 
mortality rate of women is higher. I11 Esz te rgom-Kossu th 
Street the most men died between 5 0 - 5 4 years. Almost half of 
the women died between 45^49 years. Between 15-24 years 
the mortality of men, between 2 5 - 3 4 years that of women is 
more unfavourable. In Tokod, the peak mortality rate of men 
is between 50-54. that of women 50-54 years: between 2 0 - 4 9 
years, more men died than women. 
The peak mortal i ty rate of men can be found on ly in 
Visegrád in the adult age group, in the other cemeteries in 
the matured age group. The most women died in the adult 
age group not only in Visegrád, but in Esz t e rgom-Bánom 
Lane too. The more unfavourable mortality of women in the 
adult age group, which can be attributed to the pregnancy 
and to the complications during the childbearing, cannot be 
noticed in Visegrád. 
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Connection between membrane physical state and heat 
shock response 
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The classical model on the sensing/signaling of heat shock 
proposes that primarily the accumulation of denatured pro-
te ins t r iggers the ac t iva t ion of the s t ress - response . O u r 
alternative, hut not exclusive, view is that the mechanism of 
temperature sensing is associated also with the alterations of 
the physical state of membranes (Horváth et al. 1998: Vigh 
et al. 1998: Vigh and Maresca 2002). 
In our recent study the membrane fluidizing agent benzyl 
a lcohol (BA) was used to test the role of proteootoxic i ty 
and membrane perturbation separately, in generation of HS 
response (Balogh et al. 2002). Mammalian cells treated with 
BA at their growth temperature showed an elevated synthesis 
of the major stress protein. HSP70. By monitoring the enzy-
matic activity of luciferase expressed in mammalian cells we 
have demonstrated that unlike heat stress. BA treatment does 
not result in protein denaturation. Furthermore, it was also 
evidenced that the non-toxic cytoprotective drug candidate 
bimoclomol. which is a coinducer of HSPs. does not affect 
protein denaturation in vivo. Bimoclomol. however, interacts 
specifically with and increases significantly the fluidity of 
negatively charged membrane lipids even at normal tem-
peratures (Török et al. 2003). Based on these results we can 
hypothesize that there are signaling cascades at least with two 
origins leading to the expression of heat shock genes. One is 
linked to the formation of denaturated proteins and the other 
is derived from the lipid phase changes of the membranes. In 
order to further understanding the mostly unknown regulatory 
mechanisms acting in response to different stressors, an exten-
sive structural and functional analysis of the promoter region 
of the hsp70i gene was performed by using B I 6 melanoma 
cells. Series of plasmids containing the bacterial chloram-
phenicol acetyltransfera.se (CAT) as a reporter gene under 
the control of different fragments of the rat hsp7(). I promoter 
were used: namely, each of three HSEs alone, combinat ion 
of two HSEs. all three HSEs or only proximal promoter se-
quences without any HSE. These promoter regions directed 
variable expression of the reporter, however, the induction 
pattern was similar by mild heat or BA treatment. Our data 
fu r the r suppor t s the hypothes is that subt le a l te ra t ions of 
membrane physical state is involved in the conversion of heat 
stress into sequential processes culminating in the transcrip-
tional activation of stress regulated genes. In order to reveal 
and analyse the hypothetical heat sensing elements and the 
connected signalling pathways, different metabolic inhibitors 
have been introduced. Our preliminary results on the role of 
intracellular C a : - and the possible involvement of p38 M A P 
kinase will be discussed. 
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Investigation of the applicability of the Agrobacterium-
mediated transformation in Zygomycetes 
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Fungi be long ing to the Z y g o m y c e t e s can cause se r ious 
post-harvest losses in various agricultural products: they are 
well known as opportunist ic human and animal pathogens. 
Among them. Mucor circinelloides is frequently studied, e.g. 
due to its dimorphic nature. Ihe ability of fungus to produce 
extracellular enzymes and the unique sex pheromones of its 
mat ing sys tem. Transformat ion approaches , based on the 
complementat ion of auxotroph markers, have been worked 
out for Mucor. However, in these experiments foreign DNA 
was maintained exclusively in an autonomously replicating 
form in the cells and the transformation required the construc-
tion of auxotroph strains. Agrobacterium tumefaciens is a 
Ciram-negative plant pathogenic bacterium, which is able to 
transfer a part of its tumour-inducing plasmid (T-DNA) into 
the g e n o m e of the infected cell . A. tumefaciens-mediated 
transformation (ATMT) proved to be efficient tool of gene 
transfer to a wide variety of plants. Recently, this approach 
was successfully applied also to transform some fungal spe-
cies (de Groot et al. 1998). 
The a ims of the present study were: (i) to adapt the Agro-
bacterium-mediated t ransformat ion method to Mucor and 
other zygomycetous fungi and to develop a protocol which 
can be appl ied rout ine ly to ob ta in integrative t r ans form-
ants. and (ii) to elaborate a direct selection method for the 
transformants w hich does not require the usage of auxotroph 
markers. 
We have worked out the cond i t ions of A T M T for M. 
circinelloides. The usage of antibiotics, such as hygromycin 
B. which inhibits fungal growth, would make possible the 
direct t ransformation of wild-type isolates, so the need for 
mutagenesis to obtain auxotroph strains could be avoided. 
Agrobacterium t ransfers T-DNA to the host cell, which in-
tegrates into the nuclear genome at a random position. This 
method can integrate heterologous sequences (as the lipli 
gene in this study) into the Mucor genome, without the need 
for Hanking homologous regions in the transforming vector 
to direct the homologous recombination. 
Experiments revealed that media supplemented with the 
combination of dichloran and rose bengal not only reduces 
the colony size of transformants. but also increases the sen-
sitivity of these fungi to hygromycin B. Transformation was 
performed with different plasmids containing the hygromycin 
B resis tance gene control led by the Aspergillus nidulans 
trpCpromoter (Mullins et al. 2001) or M. circinelloidesgpd 
promoter (Ács et al. 2002). The t ransformat ion event, the 
presence of the lipli gene in the genomic DNA of transformed 
isolates was verified by PCR reaction with lipli specific primer 
pair (Ács et al. 2003: Nyilasi et al. 2003). Other experiments 
(e.g. the hybridization of transformant DNA with hph specific 
probe) also verified the successful t ransformation event. 
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Qualitative and quantitative analysis of the developing 
enteric nervous system 
V ik to r R o m á n 
Department of Zoology and Cell Biology, University of Szeged, Szeged, Hungary 
The enteric nervous system (ENS) is an anatomical ly and 
neurochemically complex division of the peripheral nervous 
system (Furness and Costa I987) with unique embryonical 
origins (Doyle et al. 2004). In the present studies, chicken 
e m b r y o s , ha tched c h i c k s , and human e m b r y o n a l t i s sue 
s a m p l e s were used. T h e human s tudies a l w a y s fu l f i l l ed 
the requ i rements of the declaration of the Medical World 
Federa t ion p roc la imed in Helsinki in 1964. From the gut 
samples whole-mount preparations were made in each study. 
NADPH-d iapho ra se his tochemistry was used to visual ize 
nitrergic neurons in the developing chicken gut on embronic 
days 12. 13. 14, and 19 (Bagyánszki et al. 2000). Between 
the examined t ime poin ts , both the desity of gangl ia and 
nitrergic neurons decreased significantly, the later showing 
a delay in the colon. At the first three examined time points, 
the neurons/ganglion ratio showed a wave-like pattern with 
higher values in the proximal part of the small intestine and 
the colon. This pattern changed into a more balanced one 
by embryonal week 19. In our next study we at tempted to 
develop a staining method to label the entire population of 
myenter ic neurons in the intestine of developing chickens 
(Román et al. 2001). Histochemical staining with cuprolinic 
blue and immunosta in ing against neurofilament (NF) were 
used to stain the total number of neurons. Cuprol inic blue 
stained a huge number of neurons in the myenteric plexus. 
Double-staining with cuprolinic blue and NF revealed that 
N F staining labelled only approximately 35% of the total 
myen te r i c neuronal popula t ion . Double-s ta in ing made it 
possible to intensify both stainings. which allowed a more 
accurate morphological classification of NF-labelled neurons. 
Further on. the spatial distribution of nitrergic neurons was 
investigated in the developing human fetal myenteric plexus 
(Román et al. 2004). NADPH-diaphorase-stained segments 
of human fetal intestine were photographed, and the borders 
of the myenteric plexus and nuclei were digitalized. Plexus 
Pattern Analysis programme designed in our laboratory was 
used to perform randomization analyses. The results showed 
that nitrergic neurons were aggregated within the ganglia. The 
developmental dynamics of changes in the pattern of nitrergic 
neurons exhibited regional differences. These results suggest 
that, in addition to the gut wall and the plexus, intraganglionic 
constituents might also contribute to the spatial distribution 
of nitrergic neurons. 
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Expression and a novel function of filamin-240 in 
lamellocyte development in Drosophila 
F lorent ina Rus 
Institute of Genetics, Biological Research Center, Hungarian Academy of Sciences, Szeged, Hungary 
Drosophila has a very effective innate immune system with 
striking similarities to innate immunity in vertebrates. Cel-
lular immune defense in Drosophila is mediated by three 
different classes of hemoeytes: the plasmatocytes. the lamel-
locytes and the crystal cells. Lamellocytes represent a unique 
population of hemoeytes. both in terms of morphology and 
func t ion . The lamel locytes are large, f la t , adheren t cells , 
involved in encapsulation and neutralization of intruders or 
of abnormal ly developed tissues, too large to be engul fed 
by plasmatocytes. These cells are nonphagocyt ic and their 
c y t o p l a s m i c cons t i t uen t s are relat ively sparse . Very few 
lamel locytes are observed in wi ld- type Oregon-R larvae. 
Parasitization by the Hymenopteran wasp. Lepiopilinia bou-
lanli. initiates the rapid differentiation of lamellocytes. which 
subsequently adhere to and surround the egg capsule. This 
capsule subsequently melanizes. locally generating cytotoxic 
compounds and creating a barrier. Bacterial challenge does 
not induce lamellocyte differentiation, but this can be induced 
artificially by objects placed in the larval haemocel that are 
too large to be phagocytated (Evans et al. 2(X)3). They develop 
from small (8-10 pm) . round stem cells and become large (40-
50 urn) flattened cells capable of binding and encapsulating 
large foreign particles. The development of lamellocytes from 
stem cells to effector cells involves two major steps: first, the 
differentiation of small stem cells to the immediate precur-
sors of the fully differentiated large cells. This step requires 
cell div ision and is terminated by the expression of the LI 
antigen. Second, the terminal differentiation of the immediate 
precursors to the large flattened cells. This process does not 
require cell division but is characterized by the expression of 
L4 and L6 antigens and the most characteristic morphological 
changes . In this work we studied the role of a lamellocyte 
antigen in lamellocyte development, which turned out to be 
a unique, ac t in-binding component of the cytoskeleton in 
lamellocytes. 
By screening Drosophila cDNA expression libraries with 
an antibody reacting preferentially with lamellocytes. positive 
clones were obtained and 5 DNA fragments were isolated. 
The analysis of the generated sequences showed that these 
correspond to 8 exons of cheerio gene, which encodes filamin, 
a protein that organizes filamentous actin in networks and 
stress fibers and also anchors various transmembrane proteins 
to the active cytoskeleton. All of our isolated cDNA sequences 
conta in a so-cal led f i l amin- fo ld ing d o m a i n , a c o n s e n s u s 
motif profile, generated from the 25 existing filamin domain 
sequences. Filamin exists in two isoforms in Drosophila. as a 
result of alternative splicing. The longest form, filamin-240. 
contains an N-terminal actin-binding domain and so far it has 
been known to he specific for the ring canals in the ovaries. 
Our studies revealed that this isoform is expressed in lamel-
locytes too. and is possibly involved in the organisation in the 
actin-network during the terminal stage of lamellocyte devel-
opment. To get further insight into the role of filamin-240 in 
lamellocyte development, we studied the possible effect of the 
lack of this protein in the clierl/cherl loss of- function type 
mutant stock. The results show that the lack of the isoform 
results in abnormal number and proport ion of developing 
lamellocytes. suggesting that filamin-240 is involved in the 
regulation of lamellocyte differentiation, perhaps as an orga-
nizer of the rearrangement of the cytoskeleton. 
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Experimental analysis of input summation in neocortical 
neurons 
J á n o s Szabad ics 
Department of Comparative Physiology, University of Szeged, Szeged, Hungary 
Neurons receive and integrate signals f rom thousands of 
synapses ar r iv ing to the sur face of their m e m b r a n e . Un-
derstanding the ari thmetic used by dendrites in combin ing 
afferent signals is a fundamental problem in neuroscience. 
T h e rules of input summat ion are crucial in de te rmin ing 
neuronal output properties: linear summation would preserve 
the importance of individual inputs. Non-linear integration, 
i.e. when the algebraic sum of single postsynaptic responses 
differs from the neuronal response to simultaneous activation, 
would significantly increase the computational power of both 
single nerve cells and neural networks. Theoretical studies 
also predict that the modes of integration of coincident inputs 
depend on their subcellular location and timing. However, due 
to the lack of direct experimental analysis, the rules of neural 
input interactions are not clear. 
To test these models experimentally, we simultaneously 
recorded from three or four neocortical neurons in vitro and 
invest igated the e f f ec t of the subcel lu lar posi t ion of t w o 
convergent inputs on response summation in the c o m m o n 
postsynaptic cell . When scattered over the somatodendri t ic 
surface, combination of two coincident excitatory or inhibito-
ry synaptic potentials summed linearly in layer 2/3 pyramidal 
cells as well as in GABAergic interneurons. Slightly sublinear 
summation with connection specific kinetics was observed 
when convergent inputs targeted closely placed sites on the 
postsynaptic cell. The degree of linearity of summation also 
depended on the type of connection and the relative timing of 
inputs (Tamás et al. 2002). Simultaneous activation of many 
co-aligned inputs might lead to more significant nonlinear 
interactions especially in compartments of relatively small 
diameter. The axon initial segment of pyramidal cells has a 
limited volume and it receives inputs only from a moderate 
number of axo-axonic interneurons yet the summat ion of 
unitary axo-axonic inputs was only slightly sublinear (9.4%: 
Tamas and Szabadics 2004). 
These results suggest that the majority of afferent permu-
tations undergo linear integration, maintaining the importance 
of individual inputs. However, compartment and connection 
speci f ic nonl inear in teract ions be tween synapses located 
close to each other could increase the computational power 
of individual neurons in a cell type and connection specific 
manner. 
We then tested how subthreshold rules of summat ion 
would be translated to supra threshold firing behaviour of 
postsynaptic neurons. We recorded two simultaneous EPSPs 
arriving on the same interneuron and detected their effects 
on postsynaptic firing. The number of postsynapt ic spikes 
in response to simultaneously arriving EPSPs was similar to 
the summed number of spikes tr iggered by individual EP-
SPs. However, s imultaneous presynaptic activation caused 
significant nonlinearities by shifting the temporal distribution 
of postsynaptic spikes towards the presynaptic spike and by 
narrowing the t ime window for postsynapt ic activity. Fur-
thermore. asynchronous (<l() ms) presynaptic activation was 
nonlinearly translated to single postsynaptic action potentials. 
When triggering postsynaptic spikes, preceding inputs elimi-
nated the spike triggering effect iveness of follower EPSPs. 
In turn. EPSPs arriving after subthreshold preceding inputs 
triggered spikes with shortened latency. 
Our results provide evidence ihat the rules of summa-
tion can be switched by the operational state of postsynaptic 
neurons. Close to linear subthreshold input summation rules 
can turn to highly nonlinear interactions enhancing temporal 
precision of network processes and altering spike-triggering 
effectiveness of individual inputs. 
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The role of proline in Arabidopsis thaliana osmotic stress 
response 
G y o n g y i Szeke ly 
Institute of Plant Biology, Biological Research Center, Hungarian Academy of Sciences, Szeged, Hungary 
Plants have evolved different ways of adapting to osmot ic 
stress. Proline accumulation in higher plants is a characteristic 
physiological response to osmotic siress. Proline is considered 
to play an important role in defense mechanisms of stressed 
cel ls which can amel iorate shifts in redox potential by re-
plenishment of NADP+ supply as well. Proline degradation 
can provide carbon, nitrogen and energy source after stress 
I Hare et al. 1999). In higher plants prolin is synthesized from 
glutamate or ornithine. Proline biosynthesis in the glulamate 
pathway is controlled by the first enzyme, the bifunctional 
I -pyr ro l ine-5-carboxyla te (P5CS) . which phosphory la tes 
g lu tamic acid and reduces it to g lu tamyl -5-semia ldehyde 
(G5SA). Proline is synthesized from G5SA via pyrroline-
5 - c a r b o x y l a t e (P5C) . by the AI -py r ro l i ne -5 -ca rboxy la t e 
reductase (P5CR) enzyme (Delaunev and Verma 1993). The 
rate-limiting step in this pathway is the y -g lu t amyl kinase 
activity of the P5CS enzyme, which is controlled by feedback 
inhibition in plants as well as in bacteria (Zhang et al. 1995). 
Degradation of proline lakes place via oxidation to P5C by 
proline dehydrogenase (ProDH) and subsequently to L-Glu 
by P5C dehydrogenase (P5CDH: Kiyoshue et al. 1996). Pro-
line accumulation in salt stressed Arabidopsis plants follows 
the activation of P5CSI and P5CS2 genes and repression of 
the ProDH gene, suggesting that transcriptional regulation is 
the main control of proline biosynthesis (Verbruggen et al. 
1996: S t r i chove t al. 1997). 
To study the role of P5CS1 gene function, we used Ara-
bidopsis knock out mutan t s ,pScs l , with T-DNA insertion in 
the promoter or coding region of AtP5CSl gene. The pScsl 
mutants showed hypersensitivity to exogenous application 
of 200 mM NaCI. Decreased proline content was observed 
in p5csl mutants during external NaCI supply, as compared 
with wild type plants. These results prove the role of P5CSI 
in adapting plants to osmotic stress. NaCI treatment greatly 
increased AiP5CSI RNA levels in wild type plants. The tran-
script level of AlPSCSl was significantly reduced in mutants: 
this result was confirmed by Northern hybridization. 
It was reported that the elevation of proline as an osmo-
protectant in the mechanism of salt stress adaptation led to 
the enhancement of the enzymes scavenging the reactive 
oxygen species (ROS). 
To further analyze the defense mechanisms of pScsl mu-
tants we measured the activity of ROS scavenging enzymes. 
Reactive oxygen species are produced in both unstressed 
and stressed cells . Even under optimal cond i t ions , ROS. 
including superoxide, hydrogen peroxide, hydroxy! radicals 
and singlet oxygen, are metabolic by-products of plant cells. 
These ROS affect lipid peroxidat ion, protein denaturat ion 
and DNA structure. To remove ROS. plant cells possess an 
antioxidant system consisting of low-molecular-weight anti-
oxidants. such as ascorbate, u - t ocophe ro l . glutathione and 
carotenoids, as well as antioxidant enzymes. These include 
superoxide dismutase for scavenging the superoxide radicals 
and other key enzymes, ascorbate peroxidase and glutathione 
reductase, detoxifying hydrogen peroxide in the ascorbate-
glutathione cycle. Under normal conditions, the produciion 
and destruction of ROS is well regulated in plant cells. Under 
environmental stress, the balance between the production of 
reactive oxygen species and the quenching activity of the 
antioxidant system is upset. 
Af t e r the m e a s u r e m e n t of the act ivi ty of g lu t a th ione 
S- t ransferase . g luta thione reductase, guaiacol peroxidase, 
ascorbate peroxidase, catalase and superoxide dismutase. we 
observed that the level of the mentioned enzymes, excepting 
superoxide, are elevated by salinity, due to the imbalance in 
the production and destruction of reactive oxygen species. 
C o m p a r e d the wild type plants with the p5csI mutants , 
we real ized that the level of the measured e n z y m e s was 
decreased, except guaiacol peroxidase, which enzyme level 
was increased in mutants. These results suggest that the de-
fense mechanisms of p5cs! mutants are less effective, which 
is in accordance with the hypersensitiv ity of p5csl mutants 
to salt. 
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Glutamate and methionine transport in Escherichia coli 
Att i l a Szvetn ik 
Bay Zoltan Foundation for Applied Research, Institute for Biotechnology, Szeged, Hungary 
Integral membrane proteins represent a very important class 
of proteins, as they are involved in a wide variety of cellular 
functions. In Escherichia coli. more than 10% of all chromo-
somal genes code for membrane transport proteins. My work 
is focused on two E. coli amino acid transporter systems. 
L-glutamate is an important molecule for E. coli and other 
members of Enierobacleriaceae. It is the focal point in the 
nitrogen assimilation, and known to be a major osmoprotec-
tant. It is readily utilizable as a carbon and energy source via 
a-ketoglutarate . 
In E. coli. there are three separate L-glutamate transporter 
systems. The normal transporter levels together are not suf-
ficient to allow utilization of L-glutamate as a sole carbon 
source . Our exper imen t s are focused on the GltS sys tem, 
which is a Na*-dependent. binding protein independent trans-
porter. It is known to be the ma jo r L-glutamate transporter 
of E. coli. Only f ragmented information is available on the 
regulation, structure and transport mechanism of this protein, 
so we started to explore these aspects. 
To study the regulat ion of GltS. we created a transla-
tional promoter-p-galactosidase gene fusion. For expression 
analysis, we integrated this construct to the chromosome and 
the expression was monitored under oxygen limited growth 
conditions. We found about a three-fold increase in the ex-
pression level. 
With translational riporter fusions we analized the two 
dimensional structure (topology) o fGl tS . Ten transmembrane 
segments were identified. The N- and C-terminal ends are 
localized in the periplasmic space. Based on these results we 
created insertions and deletions in certain loop-regions of the 
protein. Currently we examine the effect of these mutations 
on the structure and activity of the protein. 
In E. coli. me th ion ine is taken up by a high a f f in i ty 
(meiD) and a low affinity finerP) system. The metD system 
is the only transporter of D-methionine. which is an effective 
methionine source for the bacterial cell. Based on earlier data 
and the whole genome sequence of £ coli. we have identified 
a gene cluster as a likely candidate for the metD locus. We 
deleted this region from the chromosome and the deletion 
was transduced to a methionine auxotroph strain. Unlike the 
parent this metD minus strain was unable to grow on M9 
minimal plates containing D-methionine. Complementat ion 
studies showed that expression of all the genes in the cluster 
is needed for growth. 
A f ragment which conta ins the predicted p romote r of 
the first gene was cloned into a p-galactosidase-based pro-
moter-probe vector. The activity assay results showed that 
the segment behaves as a promoter, and it is regulated by the 
MetJ repressor. 
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Development of a protein expression system 
Gabr ie l l a U r b â n 
Bay Zoltàn Foundation for Applied Research, Institute for Biotechnology, Szeged, Hungary 
The aim of ihe work is to develop a protein expression system 
which can be used tooverexpress proteins. The system would 
be based on a methylotrophic Pichia strain which is capable 
to utilise methanol as a sole carbon and energy source. The 
strain was isolated f rom nature by the co-workers of the In-
stitute. so the system - if developed - could be used w ithout 
any legal restriction. 
Known alcohol ox idase s (AO) were c o m p a r e d at the 
nucleic acid and amino acid levels, evolutionary conserved 
mot i fs were ident if ied, degenerate o l igonuc leo t ides were 
synthesised accordingly and used in PCR reactions to amplify 
segments of the AO coding regions. The templates in these 
reactions were genomic DNAs isolated from the Picliia sp. 
and f rom two other methylotrophic Candida hoidinii strains 
for compar i son . The ampli f ied products were c loned and 
sequenced. The partial sequences revealed the presence of 
two genes (aoxA and aoxB) in the Picliia sp. and one in each 
Candida hoidinii s train. Gene specific PCR pr imers were 
synthesised on the bases of the sequence information gained, 
and the comple te AO O R F s were subsequent ly isolated in 
several steps. 
The expression of aoxA and aoxB was analysed by RT-
PCR. RNAs for templates in these reactions were isolated 
from yeast grown on dextrose or methanol. In the presence of 
dextrose a constitutive, low-level expression of aoxA but not 
aoxB was detected. Both genes were induced in the presence 
of methanol, al though to different extent. 
The DNA segments that contain the promoter of the genes 
were isolated in several successive steps. The isolated ge-
nomic segment is 1920 bp long in the case of aoxB and 1661 
bp long in the case of the aoxA. The 3' non-translated regions 
which probably contain the transcriptional terminators were 
also isolated as a 469 bp (aoxA ) and a 430 bp (aoxB) long 
PCR fragments, respectively. 
For the local isat ion of the func t iona l e l emen t s of the 
promoter and for the identification of the minimal functional 
promoter, a number of transcriptional fusions were construct-
ed. For a reporter in these fus ions we used the fluorescent 
protein DsRed2. 
For a functional expression system, some kind of a selec-
tion is essential. Plasmids. therefore, were constructed that 
indicate the successful transformation through the manifesta-
tion of a resistance gene (zeocin). Zeocin, as an antibiotics, 
though works at a laboratory level, might not be used for 
commercia l productions. For future usage we also isolated 
the entire his4 gene from the Pichia sp. which could be used 
for selection, provided a strain carrying a mutant version of 
this gene was isolated, too. 
The effective transformation requires the stable mainte-
nance of the transformed DNA. either through integration into 
the genome, or by replication. For integrative stabilisation 
the his4 sequence can be used. The replicative stabilisation 
requires genomic regions the presence of which confers repli-
cation to the transformed DNA by the cellular functions. Such 
autonomously replicating sequences were isolated f rom the 
Pichia sp. and their ARS function were confirmed. 
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28D, a new component of the phytochrome B signal 
transduction, in Arabidopsis thaliana 
l ld ikó Va lka i 
Institute of Plant Biology, Biological Research Center, Hungarian Academy of Sciences, Szeged, Hungary 
Phytochromes are regulatory photoreceptors that control plant 
growth and development in response to signals f rom the light 
environment. In Arabidopsis. the phytochromes comprise a 
live membered family, designated phyA to phyE. While the 
role of phytochromes is well described at the physiological 
level, the signal t ransduction pathways mediated by these 
photoreceptors are largely unknown. To ident i fy possible 
elements of phytocrome B-mediated pathways, we conducted 
yeast two-hybrid screen. From this screen, a phytochrome B 
interacting factor was isolated and named 28D. This protein 
contains a pterin-4a-carbinolamin-dehydratase domain. We 
found h o m o l o g u s p ro te ins in Pseudomonas aeruginosa. 
Drosopliila melanogaster and in mammals . The mammalian 
pter in-4a-carbinolamine dehydratase is identical to the di-
merization cofactor for hepatocyte nuclear factor I (DCoH), 
which suggested the possibility that this dehydratase may also 
regulate Phenylalanin hydroxylase activity at the nucleic acid 
level by regulating the dimerisation of this factor. 
In yeast two-hybrid experiments 28D forms dimers, binds 
to wild-type C- and N-terminal domain of PH YB. and the full 
length PHYB and PHYE. 
We generated transgenic Arabidopsis plants expressing 
28D fused to the yellow fluorescent protein (YFP) to de-
scribe intracellular localization of this protein. Surprisingly, 
it localizes almost exclusively to the chloroplast and shows 
a characteristic pattern. 
Expression of sense or antisense 28D sequences in trans-
genic Arabidopsis perturbs photoresponsiveness in a manner 
indicating that 28D functions in phyB signaling pathways in 
vivo. Moreover, in these plants the circadian clock function 
is altered as well. This connect ion is strengthened by data 
obtained from yeast two-hybrid assays performed with 28D 
and certain molecules related to the circadian clock. 
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In vitro analysis of the intracellular distribution of 
different calcium-binding proteins and their corresponding 
mRNAs 
Szilvia Vá rszeg i 
Department of Zoology and Cell Biology, University of Szeged, Szeged, Hungary 
Calmodul in (CaM) is a mult i funct ional , highly conserved 
Ca :*-binding protein particularly abundant in neural tissue. It 
is involved in signalling pathways that regulate many crucial 
cellular processes. In the central nervous system, a vast major-
ity of CaM is synthesized by neurons, whereas the glial CaM 
expression is much weaker. In higher vertebrates three CaM 
genes are collectively transcribed into at least eight different 
mRNAs . although each mRNA codes for the same protein. 
Messenger RNAs transcribed from all three CaM genes are 
significantly more abundant in dendrite-rich regions than in 
axon-rich regions of rat brain (Palfi et al. 2002). In order to 
investigate the intracellular distribution of CaM m R N A s in 
detail we carried out CaM gene-specific in situ hybridization 
cytochemistry (ISH) with digoxigenin-labeled riboprobes on 
rat primary hippocampal cultures. The perykaryon was heav-
ily stained in neurons and strong dendritic mRNA targeting 
was detected for all three CaM genes. The color labeling ex-
hibited a punctate distribution, suggesting that CaM m R N A s 
are transported in RNA granules. To identify the cells with 
nondetectable CaM expression, glia-specitic S100 immuno-
cytochemistry was carr ied out a f te r the ISH protocol. The 
vast majority of the CaM negative cells proved to be S I 0 0 
positive, whereas the neurons expressing the CaM genes did 
not express the S100 marker (Kortvely et al. 2003). 
The n u m b e r of known dendr i t i ca l ly ta rge ted m R N A 
species in m a m m a l i a n neurons is g rowing and ev idence 
indicates that these m R N A s are translated there. Many lo-
calized m R N A s contain specific targeting element in their 
3 ' -un t rans la ted region (3"-UTR). The m R N A of the Ca :* 
/CaM-dependent protein kinase II a (CaMKIIa ) , which is one 
of the most important target protein of C a M . is also localized 
dendritically. and its 3 ' - U T R can mediate this localization 
(Rook et al. 2000). A cis-acting control e lement , the cyto-
plasmic polyadenilation element (CPE) can facilitate mRNA 
transport to dendrites (Huang et al. 2003). Since the 3 ' -UTR 
of the CaMI and C a M K I I a mRNAs contain CPEs. we assume 
that these mRNAs are cotransported to dendrites. To test our 
hypothesis, fluorescent in situ hybridization cytochemistry 
was carried out with biotin- and digoxigenin-labeled ribo-
probes for CaMI and C a M K I I a mRNA. respectively, on B104 
neuroblastoma and cultured primary hippocampal cells. Our 
preliminary experiments indicate that these two m R N A s are 
colocalized in dendrites, raising the possibility of their local 
synaptic activity-dependent «»translation. 
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The eukaryotic cell cycle is regulated at multiple points and 
most of these involve the activation of a special class of 
serine-threonine protein kinases, which functionally require 
binding for activity to a regulatory protein known as a cyclin 
and are therefore named cyclin-dependent kinases (CDKs). 
Alfalfa (Medicago sativa L.) is one of the most important for-
age crops and it is used as a model plant in molecular biology. 
It was demonstrated that at least six Cdc2 homologous genes, 
members of the CDK family, are expressed in tetraploid al-
falfa (Magyar et al., 1997). The mRNA level of one of them 
– cdc2MsF – showed a peak during G2/M phases. Our aim 
is to characterize the cdc2MsF promoter (fpr), which would 
develop further the study of the cell cycle.
Cloning of fpr, plant transformation and 
histochemical assays
We cloned a genomic DNA fragment from tetraploid alfalfa, 
approximately 400bp upstream from the transcription start 
of cdc2MsF gene.
Since the G2/M specifi c expression of cdc2MsF mRNA 
and protein was described in synchronized cell cultures (Mag-
yar et al. 1997), our main question was if fpr directed reporter 
genes have the same pattern in a living plant organism as the 
native cdc2MsF protein has. 
In order to follow the promoter activity, we made pCam-
bia3301-derived constructs where the fpr regulates reporter 
genes coding for β-glucuronidase (GUS) or luciferase. The 
constructs were introduced in alfalfa plants by Agrobacte-
rium-mediated transformation. Throughout present work the 
spatial and developmental expression of fpr driven reporter 
genes was investigated by analysing callus tissue, somatic 
embryos and 2-3 week old plantlets. In addition, for fi rst time, 
histochemical detection of the native cdc2MsF protein was 
performed and correlated to the expression of the recombinant 
GUS and luciferase proteins.
Different parts from GUS stained alfalfa plants were ob-
served under light microscope. Ultrathin sections were made 
from GUS stained root tips and analyzed. Immunolocalization 
of cdc2MsF protein was done on sections from GUS stained 
emerging lateral roots. Single-labelling immunohistochem-
istry was performed on alfalfa root tip with cdc2MsF and 
luciferase antibodies. For visualizing the immunoreactions 
secondary antibodies conjugated with horseradish peroxidase 
and DAB (diaminobenzidine) substrate were used. Also, we 
examined the activity of the luciferase enzyme after addition 
of luciferin substrate. 
The GUS staining experiments showed that in alfalfa the 
reporter product accumulates preferentially in meristematic 
regions in which the cell division is frequent. This observa-
tion was confi rmed by the cdc2MsF and luciferase immu-
nopositivity of alfalfa root tip in the apical root meristem. 
In addition, there is a correlation between the GUS staining 
and the cdc2MsF protein expression in emerging lateral roots. 
Light excitation was detected during the stages of active cell 
division.
Synchronization of cell cultures from 
transformed alfalfa plants
For detailed analysis of the cell phase expression of fpr regu-
lated reporter genes, we cultivated in vitro cell cultures from 
transformed alfalfa plants. Samples were taken in order to 
check the cell cycle progression of synchronized cells. The 
luciferase and cdc2MsF (as a control) transcript levels were 
investigated by RT-PCR and by Northern blot assay. 
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T-DNA insertion mutagenesis is a recently developed tech-
nique, al lowing the identification and easy isolation of genes 
from higher plants, in this case from Arabidopsis /Indiana. We 
initiated a mutagenesis program by generating a collection of 
T-DNA insertion mutants (Szabados et al. 2000). Using this 
technique, we are trying to genetically dissect signal transduc-
tion pa thways mediat ing cellular and organ differentiation, 
developmental regulation and stress responses. In order to 
identify tagged genes. T-DNA insertions sites are character-
ized by random sequencing the flanking genomic plant DNA 
(Szabados et al. 2002). During this mutagenesis program, we 
identified a transgenic line with different behaviour possess-
ing for osmotic and hormonally stress response, where the T-
DNA insertion is in the exon of Al3g16890. The tagged gene 
encodes a pentatricopeptide repeat-containing protein. 
The pentatr icopeptide repeal (PPR) is a degenerate 35-
amino acid repeat ing motif , which was first descr ibed by 
Small and Peelers (2000). The PPR proteins have been identi-
tied in animal, fungi, and plant, but not in the procaryote and 
in Archea. This family is particularly large in plants, where 
the majority of family members are predicted to be targeted 
to mitochondria or chloroplasts. Most observations (Williams 
and Barkan 2003) suggested that PPR domains can function 
as nucleic-acid-binding domains (tipically as RNA-binding 
domains), but some protein-binding motifs are also known. 
The biological function of PPR proteins could be connected 
with organellar RNA metabolism, but the directed substrates 
are not known yet. 
In the course of morphological examination a semidwarf 
mutant was identified f rom the studied transgenic line, and 
the segregation analysis suggested that it contains only one T-
DNA insertion. We confirmed the linkage between the T-DNA 
insertion and phenotype by molecular analysis (Southern 
blotting. PCR). The semidwarf mutant is homozygous for 
the T-DNA-tagged locus. The homozygous plants showed 
an increased environmental stress sensivity such as sail and 
cold. ABA and g lucose t rea tments grea t ly prevented the 
mutant germination and its growing. In order to test several 
s tress-related gene express ion in this i ransgenig line, we 
used quantitative and RT PCR technique. It was verified that 
there is no Al3gl6890 mRNA production in the homozygous 
mutant plants. We observed that the AtP5CSl and A/RD22 
R N A levels were augmen ted in mutant p lants c o m p a r e d 
to wild type Arabidopsis under normal condi t ions as well 
as af ter ABA and NaCI treatments. We concluded, thai ihe 
Ai3g 16890 gene can play a role in an ABA-dependent stress 
signaling pathway. 
To further analyze the biological function and localiza-
tion of this protein, we cloned the ful l - lenght c D N A in a 
HA-epi tope tagging binary vector, and t ransformated into 
the h o m o z y g o u s and wild type plants. We con f i rmed the 
transformation by Northern hybridization and Western ana-
lysing. The phenotype of the complemented mutants were 
similary to the wild type under stress (ABA. NaCI. glucose) 
and normal conditions. The overexpressing transgenic lines 
showed insensitivity to toxic concentrations of NaCI. glucose, 
and ABA treatments at germination level. To locate the pro-
tein by Western analysis, we isolated intact chloroplast and 
mitochondria from overexpressing plants, and compared the 
recombinant protein level in the two organelles and whole 
plant. The protein showed mitochondrial localization. Experi-
ments are in progress to further characterize this protein and 
its RNA interacting partners. 
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